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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a measuring 
method, for the motor constant of an induction motor, 
wherein the constant of the induction motor can be 
tuned with high accuracy even in a state that a load is 
coupled to the induction motor and a computing 
operation used to realize a measuring and computing 
method is simple. 

SOLUTION: A power output phase 0v is set at a preset 
arbitrary phase. When a current is made to flow, a 
current command is input in a state that a proportional- 
plus-integral controller 13 is effective, and the induction 
motor is operated. After the induction motor is 
electrified for a prescribed time, the gain of the 
controller 13 is set at 0. An integrated value is kept 
constant, and a voltage command value and a current 
command value are measured in a state that the voltage 
command value is fixed. The measurement of a k value is 
performed regarding currents having two kinds of 
magnitudes, and a primary resistance value (or a line-*to- 
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line resistance value) is found on the basis of an inclination at this time. 
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CLAIMS 



[Claim(s)] 

[Claim 1] d shaft current proportional-plus-integral control machine controlled to consider the 
current detection value of the current command of d shaft component of the primary current of 
a motor, and d shaft component as an input, and to make both deflection into zero, The 1 st 
adder which adds the output of this proportional-plus-integral control machine, and d shaft 
auxiliary voltage command value of arbitration, and acquires d shaft electrical-potential- 
difference command value, q shaft current proportional-plus-integral control machine controlled 
to consider the current detection value of the current command of q shaft component of the 
primary current of a motor, and q shaft component as an input, and to make both deflection into 
zero, The 2nd adder which adds the output of this proportional-plus-integral control machine, 
and q shaft auxiliary voltage command value of arbitration, and acquires q shaft electrical- 
potential-difference command value, Magnitude v_ref of an electrical-potential-difference 
command and electrical-potential-difference phase thetav are calculated from d shaft electrical- 
potential-difference command value and q shaft electrical-potential-difference command value. 
It has the power converter which changes and outputs a direct current to the three-phase 
alternating current based on the magnitude of an electrical-potential-difference command, and 
the phase of an electrical-potential-difference command. Control by changing and treating a 
motor to the equal circuit of three phase Y (star) connection. It is the motor constant measuring 
method of the induction motor in the vector control equipment of a motor, d shaft current 
command value id.refl of constant value and q shaft current command value iq_ref 1 which were 
beforehand set as arbitration are given as 1st command value. Give both d shaft auxiliary voltage 
command value vd_ref_c and q shaft auxiliary voltage command value vq_refc as zero, and said 
vector control equipment is operated. After it makes proportional gain of the example integral 
control machine of d axial ratio, and proportional gain of the example integral control machine of 
q axial ratio into zero after the 1 st set up beforehand carries out time amount progress, and the 
2nd beforehand set up from this time of day carries out time amount progress, it is the 
electrical-potential-difference command [several 1] from d shaft electrical-potential-difference 
comm and vd_ref and q shaft electrical-potential-difference command vq_ref. 
v_ref=7 (vd_ref z +vq ref 2 ) 

It creates and is a current detection value [several 2] from d shaft current detection value idjfb 
and q shaft current detection value iq_fb. 
i_fb=7 fid fb 2 + iq fb 2 ) 
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Create and the average value of v.ref and the average value of i_fb which were recorded in the 
time amount of the arbitration within this 2nd time amount are made into 1 st data v_ref 1 and 
i_fb1. Next, return the gain of said both proportional-plus-integral control machine to the original 
value, and d shaft current command value id_ref2 of constant value and q shaft current command 
value iq_ref2 which were beforehand set as arbitration are given as 2nd command value. Give 
both d shaft auxiliary voltage command value vd_ref_c and q shaft auxiliary voltage command 
value vq_ref_c as zero, and said vector control equipment is operated. After the 1 st set up 
beforehand carries out setup-time progress, proportional gain of d shaft current proportional- 
plus-integral control machine and proportional gain of q shaft current proportional-plus-integral 
control machine are made into zero. It is [Equation 3] about primary resistance of a motor 
considering the average value of v_ref and the average value of i_fb which were recorded in the 
time amount of the arbitration within this 2nd time amount after the 2nd beforehand set up from 
this time of day carried out time amount progress as 2nd data v_ref2 and i_fb2. 
R1 = {( V _ief2-v rcfl)//T}/(Lfb2-i fbn 

The motor constant measuring method of an induction motor which asks more and calculates 
the resistance between lines of a motor from RL-L=2 and R1. 

[Claim 2] After the 1st carries out time amount progress, the output of the proportional gain of d 
shaft current proportional-plus-integral control machine, integral gain, and d shaft current 
proportional-plus-integral control machine is made into zero at the same time it makes the 
output of d shaft current proportional-plus-integral control machine into d shaft auxiliary voltage 
command value. Perform similarly actuation after said 1st time amount progress by making the 
output of the proportional gain of q shaft current proportional-plus-integral control machine, 
integral gain, and q shaft current proportional-plus-integral control machine into zero at the 
same time it makes the output of q shaft current proportional-plus-integral control machine into 
q shaft auxiliary voltage command value. The motor constant measuring method of an induction 
motor according to claim 1. 

[Claim 3] The motor constant measuring method of an induction motor according to claim 1 or 2 
which makes d shaft current command value and q shaft current command value which were 
beforehand set as arbitration, and which are a command value of constant value three or more 
kinds of level, and calculates the average of the value of the primary resistance for which it 
asked in each section as primary resistance. 

[Claim 4] d shaft current proportional-plus-integral control machine controlled to input the 
current detection value of the current command of d shaft component of the primary current of 
a motor, and d shaft component, and to make both deflection into zero, The 1 st adder which 
adds the output of this proportional-plus-integral control machine, and d shaft auxiliary voltage 
command value of arbitration, and acquires d shaft electrical-potential-difference command 
value, q shaft current proportional-plus-integral control machine controlled to consider the 
current detection value of the current command of q shaft component of the primary current of 
a motor, and q shaft component as an input, and to make both deflection into zero, The 2nd 
adder which adds the output of this proportional-plus-integral control machine, and q shaft 
auxiliary voltage command value of arbitration, and acquires q shaft electrical-potential- 
difference command value, Magnitude v_ref of an electrical-potential-difference command and 
electrical-potential-difference phase thetav are calculated from d shaft electrical-potential- 
difference command value and q shaft electrical-potential-difference command value. It has the 
power converter which changes and outputs a direct current to the three-phase alternating 
current based on the magnitude of an electrical-potential-difference command, and the phase of 
an electrical-potential-difference command. Control by changing and treating a motor to the 
equal circuit of three phase Y (star) connection. It is the motor constant measuring method of 
the induction motor in the vector control equipment of a motor. The gain of said both 
proportional-plus-integral control machine, an output, d shaft auxiliary voltage command, and q 
shaft auxiliary voltage command are made into zero. Electrical-potential-difference phase thetav 
is made into the fixed value of the arbitration set up beforehand. Magnitude vref of an electrical- 
potential-difference command It is the current value [several 4] in which it gives by v_ref=vamp- 
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sin (2 and pi-fh-t) by setting the amplitude of 1/10 or more frequencies fh of the rated operation 
frequency of a motor, and an electrical potential difference to vamp, and vamp can be found from 
d sha ft current detect ion value id__fb and q shaft current detection value iq fb. 
LfW (idJb 2 +i<UbO 

Degree adjustment of the vamp is carried out supervising i_fb so that it may become the 1st 
current set point set as arbitration. After i_fb becomes said 1st current set point and going 
through the setup time of arbitration The phase of Lfb_ave1 and Lfb on the basis of v_ref is set 
to thetadifl. [ average / of the absolute value of magnitude v_ref of an electrical-potential- 
difference command ] [ average / of the absolute value of the magnitude of v_ref_ave1 and 
current detection value i_fb ] Next, vamp is adjusted so that it may become the 2nd current set 
point set up beforehand. After [ said ] carrying out setup-time progress, the phase of i_fb 
[ average / of the absolute value of magnitude v_ref of an electrical-potential-difference 
command / average / of the absolute value of the magnitude of v_ref_ave2 and current detection 
value i_fb ] on the basis of i_fb_ave2 and v_ref is set to thetadif2, and it is [Equation 5]. 
Zx={(v_ref_ave2-v_reLavel)//l}/(i^fb_ave2-Lfb_avel) f 0difj = (0 dim0dif2>/2 

Zxj=Zx*cos0dif_u Zx_i=Zx'SiQ0dif_i 

The motor constant measuring method of an induction motor which calculates and asks 
secondary resistance of a motor for R2=Zx_r-R1 and leakage inductance as L=Zxj/(2 and pi-fh) 
from these. 

[Claim 5] Add direct-current-offset component v_ref_ofs to an electrical-potential-difference 
command value, and the electrical-potential-difference command used as v_ref=vamp-sin(2 and 
pi-fh-t)+v_ref_ofs is given. Remove a dc component and the signal of fh component inputs 
current detection value i_fb into the high-pass filter designed so that it could pass. It inputs into 
a high-pass filter with the same property as having used v_ref for i_fb similarly, newly using the 
output as i_fb. The motor constant measuring method of an induction motor according to claim 4 
which asks for the secondary resistance R2 and leakage inductance L of a motor using said 
operation expression, newly using the output as v_ref. 

[Claim 6] Average v.refdd of electrical-potential-difference command vjef before inputting 
into the high-pass filter in the 1st current set point and average i_fb_dd of current detection 
value i_fb, average v_ref_dc2 of electrical-potential-difference command v_ref before inputting 
into the high-pass filter in the 2nd current set point, and average i_fb_dc2 of current detection 
value i_fb are used, and it is primary resistance [several 6]. 
Rl = {(v_reLdc2-v^reLdc2)/v r 5)/ / (ufb^dc2-Lfb^dcl) 

The motor constant measuring method of an induction motor according to claim 5 which asks for 
the secondary resistance R2 using eye and this primary resistance. 
[Claim 7] d shaft current proportional-plus-integral control machine controlled to input the 
current detection value of the current command of d shaft component of the primary current of 
a motor, and d shaft component, and to make both deflection into zero, The 1 st adder which 
adds the output of this proportional-plus-integral control machine, and d shaft auxiliary voltage 
command value of arbitration, and acquires d shaft electrical-potential-difference command 
value, q shaft current proportional-plus-integral control machine controlled to consider the 
current detection value of the current command of q shaft component of the primary current of 
a motor, and q shaft component as an input, and to make both deflection into zero, The 2nd 
adder which adds the output of this proportional-plus-integral control machine, and q shaft 
auxiliary voltage command value of arbitration, and acquires q shaft electrical-potential- 
difference command value, Magnitude v_ref of an electrical-potential-difference command and 
electrical-potential-difference phase thetav are calculated from d shaft electrical-potential- 
difference command value and q shaft electrical-potential-difference command value. It has the 
power converter which changes and outputs a direct current to the three-phase alternating 
current based on the magnitude of an electrical-potential-difference command, and the phase of 
an electrical-potential-difference command. Control by changing and treating a motor to the 
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equal circuit of three phase Y (star) connection. It is the motor constant measuring method of 
the induction motor in the vector control equipment of a motor. The gain of said both 
proportional-plus-integral control machine, an output, d shaft auxiliary voltage command, and q 
shaft auxiliary voltage command are made into zero. Electrical-potential-difference phase thetav 
is made into the fixed value of the arbitration set up beforehand. Magnitude vref of an electrical- 
potential-difference command It is the current value [several 7] in which it gives by v_ref=vamp- 
sin (2 and pi-fl-t) by setting the amplitude of 1/5 or less frequency fl of the rated operation 
frequency of a motor, and an electrical potential difference to vamp, and vamp can be found from 
d sha ft current detecti on value id_fb and q shaft current detection value iq_fb. 
i_fb=y (id_fb z -hiq_fb a ) 

It has the function which carries out degree adjustment of the vamp while supervising i_fb so 
that it may become the 1 st current set point set as **** arbitration. After ijfb becomes said 1 st 
current set point and going through the 1st setup time of arbitration The phase of i_fb 
[ average / of the absolute value of magnitude v_ref of an electrical-potential-difference 
command / average / of the absolute value of the magnitude of v_ref_ave3 and current detection 
value i_fb ] on the basis of Lfb_ave3 and v_ref is set to thetadif3. Next, vamp is adjusted so that 
it may become the 2nd current set point set up beforehand. After going through said 1 st setup 
time, the phase of i_fb [ average / of the absolute value of magnitude v_ref of an electrical- 
potential-difference command / average / of the absolute value of the magnitude of v_refave4 
and current detection value ijfb ] on the basis of i_fb_ave4 and v_ref is set to thetadif4, and it is 
[Equation 8]. 

Zx2» ( (v_ref _ave4-v_re Uive3) //~3> / OJ b^ave^UtJ.avea) . 0difjn=(0 dif3+ 0diI4)/2 
Zx_jr2=Zx • cos 0 d i f _m 

It calculates a nd is [Equation 9] about the mutual inductance of these to a motor. 
R2 / Zxj2-Rl 
= 2-7T -n\Rl + R2-Zx_rl 

The motor constant measuring method of an induction motor which ask by carrying out. 
[Claim 8] Add direct-current-offset component v_ref_ofs to an electrical-potential-difference 
command value, and the electrical-potential-difference command used as v_ref=vamp-sin(2 and 
. pi-fl-t)+v_ref_ofs is given. Remove a dc component and the signal of fh component inputs current 
detection value i_fb into the high-pass filter designed so that it could pass. It inputs into a high- 
pass filter with the same property as having used v_ref for i_fb similarly, newly using the output 
as i_fb. The motor constant measuring method of an induction motor according to claim 7 which 
newly asks for mutual-inductance M of a motor using said operation expression by making the 
output into v_ref. 

[Claim 9] Average v_ref_dd of electrical-potential-difference command v_ref before inputting 
into the high-pass filter in the 1st current set point and average i_fb_dc1 of current detection 
value i_fb, average v_ref_dc2 of electrical-potential-difference command v_ref before inputting 
into the high-pass filter in the 2nd current set point, and average ijfb_dc2 of current detection 
value i_fb are used, and it is primary resistance [several 10]. 
Rl-l(v^refJc2-v - rclJc2)//T}/(iJbJc2-iJb - dcO 

The motor constant measuring method of an induction motor according to claim 8 which asks for 
the secondary resistance R2 using eye **** and this primary resistance. 
[Claim 10] d shaft current proportional-plus-integral control machine controlled to input the 
current detection value of the current command of d shaft component of the primary current of 
a motor, and d shaft component, and to make both deflection into zero, q shaft current 
proportional-plus-integral control machine controlled to consider the current detection value of 
the current command of q shaft component of the primary current of a motor, and q shaft 
component as an input, and to make both deflection into zero, Magnitude v_ref of an electrical- 
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potential-difference command and electrical-potential-difference phase thetav are calculated 
from q shaft electrical-potential-difference command value which is the output of d shaft 
electrical-potential-difference command value which is the output of said d shaft current 
proportional-plus-integral control machine, and said q shaft current proportional-plus-integral 
control machine. It has the power converter which changes and outputs a direct current to the 
three-phase alternating current based on the magnitude of an electrical-potential-difference 
command, and the phase of an electrical-potential-difference command. As it operates in 
accordance with the rate command of arbitration, are the motor constant measuring method of 
the induction motor in the motor control unit which controls d shaft current command and q 
shaft current command, and the loaded condition of arbitration, and where a motor is operated at 
the rate of arbitration In the time of day of arbitration An output frequency fphi, d shaft 
electrical-potential-difference command vd_ref, the base of q shaft electrical-potential- 
difference command vq_ref, d shaft current detection value id_fb, q shaft current detection value 
iq_fb f and a motor — electrical-potential-difference v.base and the base — frequency f_base, 
the primary resistance R1, and leakage inductance L — using — [Equation 1 1] 

Vqq = Vq ^ f -R\ iq„fb-2n fphi L-id_fb 

Vdd ~?*^L-RVid _fb + 2K-fphi-L'iq_fb 
V3 

Q m Vqq ■ id _ fb - Vqq *iq_fb 
E=jVqq 2 + Vdd 2 
E 2 



M 
10 



2k • fphi ■ Q 

V _baselS 
2k • f_base(M + L) 



The motor constant measuring method of an induction motor which searches for either both 
mutual-inductance [ of a motor ] M, or the no-load current 10 by calculating. 
[Claim 11] The current detector which is the motor control device which supplies the three- 
phase alternating current to an induction motor with an inverter, and performs adjustable-speed 
operation of this motor, and detects the current which flows the two phase or three phase of 
arbitration of an inverter output, Primary-current value i_fb of the primary-current detector 
obtained from the current command value of the primary current passed to a motor and the 
current value detected by this current detector is considered as an input. The proportional-plus- 
integral control machine which controls output voltage command value v.ref to make both 
deflection into zero, It has the power converter which outputs the three-phase alternating 
current based on electrical-potential-difference command value vref and voltage-output phase 
thetav. It is the motor constant measuring method of the induction motor in the motor control 
unit which changes and treats a motor to the equal circuit of three phase Y (star) connection. 
Voltage-output phase thetav considers as the phase of the arbitration set up beforehand, and 
current command value i_ref1 of the constant value beforehand set as arbitration is given as 1st 
command value. After the 1 st which said proportional-plus-integral control machine was 
operated, and was set up beforehand carries out time amount progress, After it makes 
proportional gain of said proportional-plus-integral control machine into zero and the 2nd 
beforehand set up from this time of day carries out time amount progress The average value of 
v.ref and the average value of i_fb which were recorded in the time amount of the arbitration 
within this 2nd time amount are made into 1st data v_ref1 and i_fb1. Next, return the gain of said 
proportional-plus-integral control machine to the original value, and current command value 
i_ref2 of the constant value beforehand set as arbitration is given as 2nd command value. After 
the 1st which said proportional-plus-integral control machine was operated, and was set up 
beforehand carries out time amount progress, After it makes proportional gain of said 
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proportional-plus-integral control machine into zero and the 2nd beforehand set up from this 
time of day carries out time amount progress The average value of v_ref and the average value 
of i_fb which were recorded in the time amount of the arbitration within this 2nd time amount are 
made into 2nd data v_ref2 and i_fb2 f and it is [Equation 12] about the primary resistance R1 of a 
motor. 

Rl= {(v ref2-v_refl)//3}/(iJb2-iJbl) 

The motor constant measuring method of an induction motor which asks more and calculates 
the resistance between lines of a motor from RL-L=2 and R1. 

[Claim 12] The motor constant measuring method of an induction motor according to claim 1 1 
which makes the current command value which is a command value of the constant value 
beforehand set as arbitration three or more kinds of level, and calculates the average of the 
value of the primary resistance for which it asked in each section as primary resistance. 
[Claim 13] The motor constant measuring method of an induction motor according to claim 1 1 
which calculates current command value v_refO in case current detection value iffb is zero from 
the linear equation obtained from value v_ref1, i_fb1, v_ref2, and Lfb2 which were measured, and 
is made into an electrical-potential-difference offset value. 

[Claim 14] The current detector which is the motor control device which supplies the three- 
phase alternating current to an induction motor with an inverter, and performs adjustable-speed 
operation of this motor, and was formed in the two phase or three phase of arbitration of an 
inverter output, The proportional-plus-integral control machine which controls output voltage 
command value v_ref to input primary-current value i_fb of the primary-current detector 
obtained from the current command value of the primary current passed to a motor, and the 
current value detected by this current detector, and to make both deflection into zero, It has the 
power converter which outputs the three-phase alternating current based on electrical- 
potential-difference command value v_ref and voltage-output phase thetav. It is the motor 
constant measuring method of the induction motor in the motor control unit which changes and 
treats a motor to the equal circuit of three phase Y (star) connection. Electrical-potential- 
difference phase thetav is made into the fixed value of the arbitration set up beforehand. 
Magnitude vref of an electrical-potential-difference command It gives by v_ref=vamp-sin (2, pi- 
fh1, andt) by setting the amplitude of 1/10 or more frequencies fh1 of an operation frequency, 
and an electrical potential difference to vamp, the base of a motor — Degree adjustment of the 
vamp is carried out supervising i_fb so that it may become the current set point with which 
current detection value Lfb was beforehand set as arbitration. After i_fb becomes said current 
set point and going through the setup time of arbitration The phase of i_fb [ average / of the 
absolute value of magnitude v_ref of an electrical-potential-difference command / average / of 
the absolute value of the magnitude of v_ref_ave1 and current detection value i_fb ] on the basis 
of i_fb_abe1 and v_ref is set to thetadifl. It considers as a frequency fh2 which is different in fh1 
by 1/10 or more [ of an operation frequency ]. next, a frequency — the base of a motor — After 
adjusting vamp so that it may become said current set point, and going through said setup time 
The phase of Lfb [ average / of the absolute value of magnitude v_ref of an electrical-potential- 
difference command / average / of the absolute value of the magnitude of v_ref_ave2 and 
current detection value Lfb ] on the basis of i_fb_ave2 and v_ref is set to thetadif2, and it is 
[Equation 13]. 

Zx^Cv^reLavel/Z^/CLfb^avel), Zx2=(v_ref_ave2//l)/(i Jb_ave2) 
Zxr 1=2x1 • cos 6 di f_L, Zxr2=Zx2-cos 6 di f_2, 

Zxil=Zxl-sin0dif_L, Zxi2=Zx2-sinfldiL2 

Calculate and the value of Zxr in case a frequency fh is fh1andfh2/(fh1+fh2) is calculated from 
the linear equation obtained using Zxr2 at the time of Zxr1 and the frequency fh2 at the time of 
a frequency fh1. It asks for secondary resistance of a motor by R2=Zxr-R1 using the primary 
resistance R1 of this and a motor. Moreover, the motor constant measuring method of an 
induction motor which asks for leakage inductance from L=Zxi/(2 and pi-fhj) when the 
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frequency of the higher one of fh1 and fh2 is set to fh_1 and the value of Zxi at this time is set 
to Zxi. 

[Claim 15] Electrical-potential-difference offset value v_refO calculated by the approach 
according to claim 13 is used, and it is [Equation 14]. 
Zxl=(v_reLavel//3-v_refO)/(i_fb_avel). 

2x2- (v_re Lave2//3 - v_ref 0) / (i_f b_ave2) 

The motor constant measuring method of an induction motor according to claim 14 which asks 
for the secondary resistance R2 and leakage inductance L of a motor by carrying out. 
[Claim 16] The power converter which is the motor control unit which supplies the three-phase 
alternating current to an induction motor with an inverter, and performs adjustable-speed 
operation of this induction motor, and outputs the three-phase alternating current based on 
output voltage command value v.ref and voltage-output phase thetav, It is the motor constant 
measuring method of the induction motor in the motor control unit which considers as an input 
the primary-current detection value i1 acquired from the current value which has the current 
detector which detects the primary current which flows to this induction motor, and was 
detected with this current detector. Make the equal circuit per one phase of an induction motor 
into a T-1 mold equal circuit, and electrical-potential-difference phase thetav is made into the 
fixed value of the arbitration set up beforehand. It is [Equation 15] about the current im which 
flows to mutual-inductance M using the primary resistance R1 and the secondary resistance R2 
which gave predetermined constant value as electrical-potential-difference command v_ref, read 
the primary-current detection value i1 which flows to an induction motor, and were given by said 
primary-current value i1 and another means on this occasion. 



It is [Equation 1 6] about eye **** and mutual-inductance M. 



The motor constant measuring method of an induction motor which is boiled and is searched for 
more. 

[Claim 17] Mutual-inductance M or a time constant [outside 3] 



And the motor constant measuring method of an induction motor according to claim 16 which 
searches for the no-load current 10 using the rated voltage Vrate given as the primary 
resistance R1 given by another means, leakage inductance L, the secondary resistance R2, and 
rating of a motor, rated frequency frate, and said mutual-inductance M. 

[Claim 18] The power converter which is the motor control unit which supplies the three-phase 
alternating current to an induction motor with an inverter, and performs adjustable-speed 
operation of this induction motor, and outputs the three-phase alternating current based on 
output voltage command value v.ref and voltage-output phase thetav, It is the motor constant 
measuring method of the induction motor in the motor control unit which considers as an input 
the primary-current detection value i1 acquired from the current value which has the current 
detector which detects the primary current which flows to this induction motor, and was 
detected with this current detector. Make the equal circuit per one phase of an induction motor 
into a T-1 mold equal circuit, and electrical-potential-difference phase thetav is made into the 




It is alike, presumes more and is this current estimate [outside 1]. 
im(t) 



From a ************ wave to a time constant [outside 2] 

T • 
*W7l 



1771 
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fixed value of the arbitration set up beforehand. It is [External Character 4] about the value 
when being completed as constant value by the primary-current value i1, when predetermined 
constant value is given as electrical-potential-difference command vref, and the primary- 
current detection value i1 which flows to an induction motor in this case is read and electrical- 
potential-difference command v_ref is given. 

lloD 

It is [Equation 1 7] about the current im which flows to mutual-inductance M using the primary 
resistance R1 and the secondary resistance R2 which were given by said primary-current value 
i1 and another means when it carries out. 

It is alike, presumes more and is this current estimate [outside 5]. 
im(t) 

From a ************ wave to a time constant [outside 6] 
*im 

It is [Equation 18] about eye **** and mutual-inductance M. 

R1R2 „ 

M « r- 

fll + /?2 

The motor constant measuring method of an induction motor which is boiled and is searched for 
more. 

[Claim 19] Mutual-inductance M or the time constant [outside 7] for which it asked 
x im 

And the motor constant measuring method of an induction motor according to claim 18 which 
searches for the no-load current 10 using the rated voltage Vrate given as the primary 
resistance R1 given by another means, leakage inductance L, the secondary resistance R2, and 
rating of a motor, rated frequency frate, and said mutual-inductance M. 

[Translation done.] 
* NOTICES * 

JPO and NOP I are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of measuring the motor constant 

of an induction motor. 

[0002] 

[Description of the Prior Art] There are some which built into the control software of an inverter 
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the approach of performing coil resistance measurement as shown in JEC-37, a lock test, and a 
no-load test as a conventional technique, and asking for a motor constant (conventional example 
1). Moreover, there is JP,7-55899,A as an approach of tuning up the constant of an induction 
motor in the condition [ having suspended the induction motor ] (conventional example 2). By 
this approach, the single-phase alternative current was supplied to the induction motor, the 
fourier expansion into series of d shaft current detection value or the q shaft current detection 
value was carried out, and it was asking for the constant of an induction motor. Here, d-q axial 
seat labels are rotational coordinates rotated at the same rate as the rotating magnetic field of a 
motor. 
[0003] 

[Problem(s) to be Solved by the Invention] By the approach shown in the conventional example 
1 , the activity of discharge of immobilization of the rotator of an induction motor and 
immobilization is required between a lock test and a no-load current trial, and there is a field 
which has not been turned to in automatic meter reading by inverter drive. Moreover, in a no- 
load current trial, when it was necessary to operate with an induction motor simple substance 
and the load was already combined, the activity of once making it a separation motor simple 
substance was needed, and there was a problem that effectiveness was bad. 
[0004] Moreover, in the conventional example 2, the single-phase alternative current was 
impressed, since it was asking using the fourier expansion into series, software became 
complicated, the processing time of software became long, and there was a problem that 
software took big storage capacity. 

[0005] Therefore, the purpose of this invention is offering the motor constant measuring method 
of an induction motor with the easy operation for it possible [ tuning up the constant of an 
induction motor with high precision, also where a load is combined with an induction motor ]. 
[0006] 

[Means for Solving the Problem] d shaft current proportional-plus-integral control machine 
controlled for this invention to divide the motor primary current into a magnetic-flux component 
(d shaft component) and a torque component (q shaft component), to consider the current 
detection value of the current command of d shaft component, and d shaft component as an 
input, and to make both deflection into zero, The 1st adder which adds the output of this 
proportional-plus-integral control machine, and d shaft auxiliary voltage command value of 
arbitration, and acquires d shaft electrical-potential-difference command value, q shaft current 
proportional-plus-integral control machine controlled to consider the current detection value of 
the current command of q shaft component, and q shaft component as an input, and to make 
both deflection into zero, The 2nd adder which adds the output of this proportional-plus-integral 
control machine, and q shaft auxiliary voltage command value of arbitration, and acquires q shaft 
electrical-potential-difference command value, Magnitude v_ref of an electrical-potential- 
difference command and electrical-potential-difference phase thetav are calculated from d shaft 
electrical-potential-difference command value and q shaft electrical-potential-difference 
command value. In the vector control equipment of a motor which has the power converter 
which changes and outputs a direct current to the three-phase alternating current based on the 
magnitude of an electrical-potential-difference command, and the phase of an electrical- 
potential-difference command, and is controlled by changing and treating a motor to the equal 
circuit of three phase Y (star) connection d shaft current command value id_ref 1 of constant 
value and q shaft current command value iq_ref1 which were beforehand set as arbitration are 
given as 1st command value. Give both d shaft auxiliary voltage command value vd_refc and q 
shaft auxiliary voltage command value vq_ref_c as zero, and said vector control equipment is 
operated. After it makes proportional gain of the example integral control machine of d axial 
ratio, and proportional gain of the example integral control machine of q axial ratio into zero after 
the 1st set up beforehand carries out time amount progress, and the 2nd beforehand set up from 
this time of day carries out time amount progress, it is the electrical-potential-difference 
command [0007] from d shaft electrical-potential-difference command vd_ref and q shaft 
electrical-potential-difference command vq_ref. 
[Equation 19] 
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• a 

v_ref= J (vd_re^ + vq_ref*) 

[0008] It creates and is a current detection value [0009] from d shaft current detection value 
id_fb and q shaft current detection value iq_fb. 
[Equation 20] 
i_fb=y (idjt^+iqjb 2 ) 

[0010] Create and the average value of v_ref and the average value of i_fb which were recorded 
in the time amount of the arbitration within this 2nd time amount are made into 1st data v_ref1 
and i_fb1. Next, return the gain of said both proportional-plus-integral control machine to the 
original value, and d shaft current command value id_ref2 of constant value and q shaft current 
command value iq_ref2 which were beforehand set as arbitration are given as 22nd command 
value. Give both d shaft auxiliary voltage command value vd_ref_c and q shaft auxiliary voltage 
command value vq_ref_c as zero, and said vector control equipment is operated. After the 1st set 
up beforehand carries out setup-time progress, proportional gain of d shaft current proportional- 
plus-integral control machine and proportional gain of q shaft current proportional-plus-integral 
control machine are made into zero. It is primary resistance of a motor considering the average 
value of v_ref and the average value of i_fb which were recorded in the time amount of the 
arbitration within this 2nd time amount after the 2nd beforehand set up from this time of day 
carried out time amount progress as 2nd data v_ref2 and i_fb2 [001 1] 
[Equation 21] 

Rl- {(v_ren^refi)//3}/(Llb2^Lfbl) 

[0012] It asks more and the resistance between lines of a motor is calculated from RL-L=2 and 
R1. 

[0013] Or the gain of a proportional-plus-integral control machine, an output, d shaft auxiliary 
voltage command, and q shaft auxiliary voltage command are made into zero. Electrical- 
potential-difference phase thetav is made into the fixed value of the arbitration set up 
beforehand. Magnitude vref of an electrical-potential-difference command It gives by 
v_ref=vamp-sin (2 and pi-fh-t) by setting the amplitude of 1/10 or more suitable frequencies fh 
of the rated operation frequency of the motor of a motor, and an electrical potential difference 
to vamp, vamp is the current value [0014] which can be found from d shaft current detection 
value id_fb and q shaft current detection value iqjb. 

[Equa tion 22] 

i_fb=7 (id_fb 2 -Mq_fb 2 ) 

[0015] Degree adjustment of the vamp is carried out supervising i_fb so that it may become the 
current set point set as **** arbitration. After i_fb becomes said current set point and going 
through the setup time of arbitration The phase of i_fb_ave1 and Lfb on the basis of v_ref is set 
to thetadif 1 . [ average / of the absolute value of magnitude v_ref of an electrical-potential- 
difference command ] [ average / of the absolute value of the magnitude of v_refave1 and 
current detection value i_fb ] Next, vamp is adjusted so that it may become the 4th current set 
point set up beforehand. After [ said ] carrying out setup-time progress, the phase of i_fb 
[ average / of the absolute value of magnitude v_ref of an electrical-potential-difference 
command / average / of the absolute value of the magnitude of v_ref_ave2 and current detection 
value Lfb ] on the basis of i_fb_abe2 and vj-ef is set to thetadif2, and it is [0016]. 
[Equation 23] 

Zx= {(v_ref_ave2-v_ref__ave l)//3} /<i_fb_ave2-i_fb__avel) , 0 dif _L=( 0 dif H 6 di F2)/2 
Zx_r=Zx-cos 0 dir_L, Zx__i-Zx« sin 9 dif_L 

[0017] It calculates and secondary resistance of a motor is asked for R2=Zx_r— R1 and leakage 
inductance as L=ZxJ/(2 and pi-fh) from these. 

[0018] Or the gain of a proportional-plus-integral control machine, an output, d shaft auxiliary 
voltage command, and q shaft auxiliary voltage command are made into zero. Electrical- 
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potential-difference phase thetav is made into the fixed value of the arbitration set up 
beforehand. Magnitude vref of an electrical-potential-difference command It is the current value 
[0019] in which it gives by v_ref=vamp-sin (2 and pi-fl-t) by setting the amplitude of 1/5 or less 
suitable frequency fl of the rated operation frequency of the motor of a motor, and an electrical 
potential difference to vamp, and vamp can be found from d shaft current detection value id_fb 
and q shaft current detection value iq_fb. 

[Equa tion 24] 

i_fW (id„fb 2 + iq_fb 2 ) 

[0020] Degree adjustment of the vamp is carried out supervising i_fb so that it may become the 
1st current set point set as **** arbitration. After i_fb becomes said 1st current set point and 
going through the 1st setup time of arbitration The phase of i_fb_ave3 and Lfb on the basis of 
v_ref is set to thetadif3. [ average / of the absolute value of magnitude v_ref of an electrical- 
potential-difference command ] [ average / of the absolute value of the magnitude of v_ref_ave3 
and current detection value i_fb ] Next, vamp is adjusted so that it may become the 2nd current 
set point set up beforehand. After going through the 2nd setup time of arbitration, the phase of 
i_fb [ average / of the absolute value of average vref_ave4 of the absolute value of magnitude 
v_ref of an electrical-potential-difference command and the magnitude of current detection 
value i_fb ] on the basis of i_fb_ave4 and v_ref is set to thetadif4, and it is [0021]. 
[Equation 25] 

2x2=l(v_ref_avel- v ref » ve3) //~3) / ( i_ fb_avc1 - i _ f b_a ve3) , 0 difji=(0 di f3+ 0 dir4)/2 
Zx_r2=Zx«cos 8 (Jif.jn 

[0022] It calculates and is the mutual inductance of these to a motor [0023] 
[Equation 26] 

M = _*2_. I 2*_r2-Rl 

2*7r-fl \R\ + R2-Zx_r2 

[0024] It asks by carrying out. 

[0025] Moreover, the current detector which is the motor control device which this invention 
supplies the three-phase alternating current to an induction motor with an inverter, and 
performs adjustable-speed operation of this motor, and detects the current which flows the two 
phase or three phase of arbitration of an inverter output, Primary-current value Lfb of the 
primary-current detector obtained from the current command value of the primary current 
passed to a motor and the current value detected by this current detector is considered as an 
input. The proportional-plus-integral control machine which controls output voltage command 
value v_ref to make both deflection into zero, It has the power converter which outputs the 
three-phase alternating current based on electrical-potential-difference command value v.ref 
and voltage-output phase thetav. Are the motor constant measuring method of the induction 
motor in the motor control unit which changes and treats a motor to the equal circuit of three 
phase Y (star) connection, voltage-output phase thetav considers as the phase of the arbitration 
set up beforehand, and it faces passing a current. By inputting a current command, operating, 
where a current limiter is confirmed first, and setting gain of this current limiter to 0 after 
predetermined time amount energization Where an electrical-potential-difference command 
value is fixed by keeping an integral value constant, a current command value and a current 
detection value are measured, k is measured about the current of two kinds of magnitude, and 
primary resistance (or resistance between lines) is calculated from the inclination at that time. 
[0026] Moreover, make electrical-potential-difference phase thetav into the fixed value of the 
arbitration set up beforehand, and magnitude vref of an electrical-potential-difference command 
is inputted by the sine wave. The phase contrast of the average of the average of an electrical- 
potential-difference command value and a current detection value and an electrical-potential- 
difference command value, and a current detection value is calculated about two frequencies, 
respectively. Calculate an impedance from an electrical-potential-difference command value and 
a current detection value, and phase contrast decomposes an impedance into a real part 
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component and an imaginary part component further. The impedance by leakage inductance is 
calculated from the (second [ +] primary resistance resistance) from a real part component, and 
an imaginary part component, and secondary resistance and a leakage inductance value are 
calculated from these. 

[0027] And the primary current of a motor is divided into a magnetic-flux component (d shaft 
component) and a torque component (q shaft component) about a no-load current value. Input 
the current detection value of the current command of d shaft component, and d shaft 
component, and it has d shaft current proportional-plus-integral control machine controlled to 
make both deflection into zero. Make the output of this proportional-plus-integral control 
machine into d shaft electrical-potential-difference command value, and the current detection 
value of the current command of q shaft component and q shaft component is considered as an 
input. It has q shaft current proportional-plus-integral control machine controlled to make both 
deflection into zero. Make the output of this proportional-plus-integral control machine into q 
shaft electrical-potential-difference command value, and magnitude v_ref of an electrical- 
potential-difference command and electrical-potential-difference phase thetav are calculated 
from d shaft electrical-potential-difference command value and q shaft electrical-potential- 
difference command value. In the motor control unit which controls d shaft current command 
and q shaft current command to have the power converter which changes and outputs a direct 
current to the three-phase alternating current based on the magnitude of an electrical- 
potential-difference command, and the phase of an electrical-potential-difference command, and 
to operate in accordance with the rate command of arbitration In the usual operational status An 
output frequency fphi, d shaft electrical-potential-difference command vd_ref t q shaft electrical- 
potential-difference command vq_ref, d shaft current detection value idjfb, and q shaft current 
detection value iqjfb are measured, the base of the motor set up beforehand — electrical- 
potential-difference v_base and the base — either both mutual-inductance [ of a motor ] M or 
the no-load current 10 is searched for using frequency f_base, the primary resistance R1, and 
leakage inductance L. 

[0028] Moreover, this invention supplies the three-phase alternating current to an induction 
motor with an inverter. Are the motor control unit which performs adjustable-speed operation of 
this motor, and it has the power converter which outputs the three-phase alternating current 
based on output voltage command value v_ref and voltage-output phase thetav. In the motor 
control unit which considers as an input the primary-current detection value i1 acquired from 
the current value which has the current detector which detects the primary current which flows 
to this induction motor, and was detected with this current detector Make the equal circuit per 
one phase of an induction motor into a T-1 mold equal circuit, and electrical-potential- 
difference phase thetav is made into the fixed value of the arbitration set up beforehand. It is 
the current im which flows to mutual-inductance M using the primary resistance R1 and the 
secondary resistance R2 which gave predetermined constant value as electrical-potential- 
difference command value v_ref, read the primary-current detection value i1 which flows to an 
induction motor, and were given by said primary-current value i1 and another means on this 
occasion [0029] 
[Equation 27] 



[0030] It is alike, presumes more and is this current estimate [0031]. 

[External Character 8] 

im 

[0032] From a ************ wave to a time constant [0033] 
[External Character 9] 




[0034] They are eye **** and this mutual-inductance M [0035] 
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[Equation 28] 

M r 

R\ + R2 m 

[0036] It asks more, the need is accepted and they are this mutual-inductance Mora time 
constant [0037], 
[External Character 10] 

*im 

[0038] And the no-load current 10 is searched for using the rated voltage Vrate given as the 

primary resistance R1 given by another means, leakage inductance L, the secondary resistance 

R2, and rating of a motor, rated frequency frate, and said mutual-inductance M. 

[0039] Or it is a value when being completed as constant value by the primary-current value i1, 

when electrical-potential-difference command v_ref is given [0040] 

[External Character 11] 

il m 

[0041] It is the current im which flows to mutual-inductance M using the primary resistance R1 
and the secondary resistance R2 which were given by said primary-current value i1 and another 
means when it carries out [0042] 
[Equation 29] 

[0043] It is made to presume without being alike and using an electrical-potential-difference 

value more. 

[0044] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
with reference to a drawing. 

[0045] Drawing 1 is the block diagram showing the configuration of 1 operation gestalt of the 
control device of the induction motor in this invention. The proportional-plus-integral control 
machine 10 is controlled so that the deflection of q shaft current command iq_ref and q shaft 
current detection value iq_fb serves as zero, it adds q shaft auxiliary voltage command vq_ref_c 
to the output of the proportional-plus-integral control machine 1 0, and creates q shaft 
electrical-potential-difference command vq_ref. Similarly, the proportional-plus-integral control 
machine 1 1 is controlled so that the deflection of d shaft current command id_ref and d shaft 
current detection value id_fb serves as zero, it adds d shaft auxiliary voltage command vd_ref_c 
to the output of the proportional-plus-integral control machine 1 1, and creates d shaft 
electrical-potential-difference command vd_ref. The proportional gain of a proportionality 
integrator expresses Ki and integral gain with (1/T). It calculates the electrical-potential- 
difference phase in a three-phase-alternating-current coordinate by the electrical-potential- 
difference command computing element 12 calculating magnitude v_ref of an electrical-potential- 
difference command, and electrical-potential-difference phase thetav from vq_ref and vd_ref, and 
adding phase thetafphi of magnetic flux to thetav further. Moreover, electrical-potential- 
difference command offset value v_ref_ofs is added to magnitude v_ref of an electrical-potential- 
difference command. Here, iq_ref, id.ref, and fphi are given from the arithmetic circuit prepared 
independently by the operational status of the usual induction motor. A power converter 2 is a 
power converter for supplying the three-phase-alternating-current electrical potential difference 
based on said v_ref+v_ref_ofs and thetaref to an induction motor 3. The current which flows to an 
induction motor 3 is detected by the current detectors 4 and 5, is inputted into the coordinate 
transformation machine 6, is changed into a d-q coordinate, and serves as iq_fb and idjfb. iq_fb 
and idjfb are changed into the synthetic magnitude-of-a-vector ijfb by the current computing 
element 7. The average and the phase contrast computing element 8 are computing elements 
which calculate the phase contrast of the average of the electrical-potential-difference 
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command which is needed for the operation of the motor constant of an induction motor 3 from 
v_ref+v_refofs and i_fb, and a current detection value, and an electrical-potential-difference 
command and a current detection value, and the motor constant operation machine 1 is a 
computing element which calculates the motor constant of an induction motor 3 based on the 
signal calculated with the average and the phase contrast computing element 8. 
[0046] The concrete configuration of the average and the phase contrast computing element 8 is 
shown in drawing 2 . By the configuration shown in drawing 2 from v_ref and i_fb, a part for the 
average of both phase contrast and the absolute value of each frequency component and DC is 
calculated. Here, although the average is calculated with the low pass filter (LPF), the approach 
by the moving average etc. may be used. 

[0047] The T-1 mold equal circuit of the induction motor used for asking drawing 3 for the motor 
constant of an induction motor with this operation gestalt is shown. The electrical potential 
difference which drawing 3 is an equal circuit for which are about [ 1 ] sufficient, and is 
impressed is [0048]. 
[External Character 12] 

Vjrefljl 

[0049] It has become. 11 is the primary current of a motor and, for R1, the primary resistance of 
a motor and R2 are [ the leakage inductance of a motor and M of secondary resistance of a 
motor and I ] the mutual inductances of a motor. 
[0050] The operation gestalt of claim 1 is explained. 

[0051] Since impedance omegaM in mutual-inductance M becomes zero when a direct current is 
impressed to an induction motor 3, the equal circuit of drawing 3 comes to be shown in drawing 
4 . Therefore, [0052] 
[External Character 13] 
Rl=(V_ref/j3)/n 

[0053] It can be come out and found. In setting up as resistance between lines, it deals with Rl_- 
L=2 and R1 as resistance between lines. Initiation of tuning of primary resistance gives iq_ref and 
id.ref as 1 st current command value set as arbitration as a current command. If a current 
command is given, an electrical-potential-difference command will occur according to the gain of 
the proportional-plus-integral control machines 10 and 11, a three-phase-alternating-current 
electrical potential difference is outputted from a power converter 2, it is added to a motor 3, 
and a current 11 flows. It detects and calculates [ transform and / current ] with the current 
detectors 4 and 5, and a current II is added to the motor constant operation machine 1 as Lfb. 
Since time amount required for the standup of a current is decided by gain of the proportional- 
plus-integral control machines 10 and 11, it sets up this time amount as time amount of the 
arbitration set up beforehand, and after [ this ] carrying out setup-time progress, it makes zero 
proportional gain of the proportional-plus-integral control machine of q shaft and d shaft. Since 
the input to an integrator is set to 0 by this, since it is fixed with an output value just before 
making proportional gain into zero, an electrical-potential-difference command is maintained at 
constant value, and is stabilized by the output of a proportional controller. Average measurement 
of electrical-potential-difference command v_ref and current detection value i_fb is performed to 
the waiting for fixed time amount, and during this period in this condition, and it considers as 
v_ref1 arid Lfb1, respectively. Next, the proportional gain of the proportional-plus-integral control 
machines 10 and 1 1 is returned to the original value, current command value iq_ref and id_ref are 
made into the 2nd current set point, same actuation is performed and the average of the 
electrical-potential-difference command value at this time and a current command value is made 
into v_ref2 and i_fb2, respectively. Time amount change of electrical-potential-difference 
command v_ref at this time and current detection value Lfb is shown in drawing 5 . The relation 
of v_refl f i_fb1, v_ref2, and Lfb2 comes to be shown in drawing 6 , and the primary resistance R1 
can be found from this slope of a line. It is [0054] when it takes into consideration that v_ref is a 
value between lines. 
[Equation 30] 
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Rl= {(v_reG-v_rcfl)/>TT}/(Ln)2-Ln)l) 
[0055] It becomes. 

[0056] The operation gestalt of claim 2 is explained. 

[0057] In the practice according to claim 1 explained above, when making proportional gain Ki of 
the proportional-plus-integral control machines 10 and 11 into zero By setting the output of the 
proportional gain Ki of the proportional-plus-integral control machines 10 and 11, integral gain 
(I/T), and the proportional-plus-integral control machines 10 and 11 to 0 at the same time it 
substitutes q shaft in the time, and d shaft electrical-potential-difference command for auxiliary 
voltage command value vq_ref_c and vd_ref_c, respectively It is what gave the electrical- 
potential-difference command, and other processings are the same as the operation gestalt of 
claim 1. 

[0058] An operation gestalt according to claim 3 is explained. 

[0059] In order to raise the accuracy of measurement, it is made to measure about three or 
more points, although the level of a current was two points in the operation gestalt of claims 1 
and 2 explained above, when the case of three points was explained and each measurement is 
set to 1, 2, and 3, it is between 1-2, between 2-3, and between 1-3, respectively — it is — it 
adopts as R1 which should calculate R1 like [ two / of arbitration ] the operation gestalt of 
claims 1 and 2, and should calculate the average. What is necessary is just to use each average 
in quest of R1 in the section of arbitration similarly [ in the case of four or more points ]. 
[0060] The operation gestalt of claim 4 is explained. 

[0061] An electrical-potential-difference command is given as a fixed value of v_ref=vamp-sin (2 
and pi-fh-t) and thetaref= arbitration, vamp considers as zero as the first stage, and fh is taken 
as the value more than the rated operation frequency of a motor. Since it is set to omegaM»R2 
in the equal circuit shown in drawing 3 , when a frequency is high, and it thinks that a current 
hardly flows to M, an equal circuit comes to be shown in drawing 7 R> 7. If the relation of omegal 
becomes setting the electrical potential difference at this time, and phase contrast of a current 
to thetadif like drawing 8 and the impedance of a circuit is made into |Zx|, it is set to =(R1+R2) 
|Zx| and costhetadif, and omegal=|Zx| and sinthetadif, and if R1 already calculated is used, R2 and 
L can be found (R1+R2). 

[0062] | Give v_ref shown above, and make vamp increase, in order to ask for Zx| until it 
becomes the 1st current set point which average i_fb_ave of the absolute value of a current 
detection value set up beforehand. And after waiting fixed time until the output of a filter 
becomes stability if in agreement with the value to which i_fb_ave was set, average v_ref_ave of 
the absolute value of the component of the frequency component of v_ref, average i_fb_ave of 
the absolute value of a current detection value, and phase contrast thetadif are saved in memory 
as v_ref_ave1, Lfb_ave1, and thetadif 1, respectively. Next, if vamp is adjusted and a current value 
is in agreement so that it may become the 2nd current set point set up beforehand, a value is 
read similarly and it saves as v_ref_ave2, i_fb_ave2, and thetadif2, respectively. The electrical- 
potential-difference command at this time and time amount change of a current detection value 
are shown in drawing 9 . Impedance |Zx| of a circuit is [0063] as an electrical potential difference 
and an inclination of a current like the time of R1. 
[Equation 31] 
|Zx| - {(v_rcfjivc2-v_r^ 

[0064] It asks more. Moreover, phase contrast is set to thetadif J_= (thetadif 1+thetadif2) / 2. 
[0065] From this formula and the above mentioned formula [to 0066] 
[Equation 32] 

R2={<v^rerjivc2-v_^^ ' cosedif - L " Rlf 

L= [{(v_rer_av^^^ -an 6*0-1 * «0 

[0067] It carries out and the secondary resistance R2 and leakage inductance L can be found. 
[0068] Although the initial value of vamp was explained as zero here, since the flowing current 
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value follows a V/f pattern as a guide and prediction attaches it, it is also possible by setting up 
the value of how much beforehand and adjusting from there to carry out time amount 
compaction. 

[0069] The operation gestalt of claim 5 is explained. 

[0070] In the operation gestalt of above-mentioned claim 4, what added v_ref_ofs to electrical- 
potential-difference command v_ref as an offset value is considered as an electrical-potential- 
difference command. Data v_ref_ave and i_fb_av which are used in order to ask for R1 +R2 and L, 
as shown in drawing 2 , and thetadif can be considered to be claim 4 publications the same way 
by using the data which inputted the input signal into the high-pass filter, and removed an in one 
direction flowed part. 

[0071] The operation gestalt of invention of claim 6 is explained. 

[0072] In the operation gestalt of above-mentioned claim 4, what added v_ref_ofs to electrical- 
potential-difference command v_ref as an offset value is considered as an electrical-potential- 
difference command. Since an offset electrical potential difference is outputted as a direct 
current and the equal circuit to this comes to be shown in drawing 4 , primary resistance R1 can 
be found by taking an in one direction flowed part of this electrical-potential-difference 
command value, and the in one direction flowed ratio of a current detection value. That what is 
necessary is just to take the average of a signal to take out an in one direction flowed signal, 
with the operation gestalt, as shown in drawing 2 , it has detected using a low pass filter [LPF3]. 
The method of the decision of the value of v_ref_ofs has adjusted and determined v_ref_ofs here, 
comparing a current detection value with the current set point like the operation gestalt of claim 
4, before giving an AC signal. 

[0073] In this way, it is the same as the operation gestalt of claim 4 except using R1 calculated 
for the operation of R2. Thereby, since it can ask for R1, R2, and L in one step, the execution 
time can be shortened. 

[0074] An operation gestalt according to claim 7 is explained. 

[0075] In the operation gestalt of claim 4, the frequency of fl is set as a very low frequency to 
the rated operation frequency of a motor. Since the current which flows to M at this time cannot 
be disregarded, it thinks in the equal circuit shown in drawing 3 . 
[0076] It is [0077] when a formula is stood in an equal circuit. 
[Equation 33] 

f Rl + jcul+ * W MR2 w )ll=v _ref / V3. w - 2*- fh 

R1R2 2 + w 7 M z Rl + oj 2 M 2 R2 <o IR2 2 + a/lM *+ cu MR2 V_ref7 

R2 2 + a> 2 M 2 J R2 2 + <u 2 M 2 11 ~ Zr + ' Zf 

„ V,ref/V 3 a ^ V ref/^3 r _ 
Zr « — cosO m.Zi « - ^ sin 0 m. 6 m 



[0078] It is [0079], when it compares about real part and asks for M. 
[Equation 34] 
. j R2 fZr-Rl 



4 



o> Vm + R2-Zr 

[0080] A next door and M are obtained. Here, except making fh into a low frequency, when it 
asks like the operation gestalt of claim 4, and an impedance is made into |Zx2| and phase 
contrast is made into thetadif_m, it is R1 and R2 to [0081] which became Zx_r2=|Zx2| and 
costhetadifjn and were already calculated with this. 
[Equation 35] 

M ^ R2 I Zx r2-Rl 



2 n d VR\ + R2-Zx r2 
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[0082] It is alike and mutual-inductance M can be found more. 
[0083] The operation gestalt of claims 8 and 9 is explained. 

[0084] v_refofs is added to electrical-potential-difference command v_ref as offset the same 
with having been shown in the operation gestalt of claims 5 and 6. The contents of processing 
are the same as what was shown in the operation gestalt of claims 5 and 6. Since the frequency 
is low at the time of the operation gestalt of claim 7, a motor can prevent moving superfluously 
by giving direct current offset, as shown in this approach. 
[0085] The operation gestalt of claim 10 is explained. 

[0086] The block diagram which carried out invention according to claim 10 to drawing 10 is 
shown, q shaft electrical-potential-difference command value vq_ref, d shaft electrical-potential- 
difference command value vd_ref f q shaft current detection value iq_fb, d shaft current detection 
value id.fb, and the output frequency value fphi are taken out from the configuration which 
performs the usual vector control, it inputs into the motor constant operation machine 1, and 
mutual-inductance M and the no-load current value 10 are calculated. The speed-control 
machine 14 calculates q shaft current command value iq_ref, d shaft current command value 
id.ref, and the output frequency value fphi based on a rate command, it is the vector control 
method generally used, and since it is not concerned with the description of this invention, it 
simplified and it has indicated them. The coordinate transformation machine 6 is a ** table 
converter which changes the detection value of the phase current into dq system of coordinates, 
and the controller and the electrical-potential-difference command computing element 1 2 with 
which it is made for a current command value and the current detection value of the d shaft PI 
current limiter [ the q shaft PI current limiter 10 and ] 1 1 to correspond calculate magnitude 
v_ref of the electrical potential difference of a three-phase-alternating-current electrical 
potential difference, and electrical-potential-difference phase thetav from q shaft electrical- 
potential-difference command, d shaft electrical-potential-difference command value, and 
magnetic-flux phase thetaphi. Magnetic-flux phase thetaphi is calculated by integrating with an 
output frequency fphi. A power converter 2 supplies three-phase-alternating-current power to 
an induction motor 3 based on v_ref and thetav. 

[0087] the base of the motor which reads an output frequency fphi, d shaft electrical-potential- 
difference command vd_ref, q shaft electrical-potential-difference command vq_ref, d shaft 
current detection value id_fb, and q shaft current detection value iqjfb, and is here set up 
beforehand after 1 -second progress from the time of acceleration of an induction motor 3 being 
completed after a train-operation-dispatching input — electrical-potential-difference v_base and 
the base — frequency fbase and the primary resistance R1 calculated separately, and leakage 
inductance L — using — [0088] 
[Equation 36] 

Vqq = ~R\ iq_fb-2n* fphi Lid^/b 

y^^^^^-R\id_jb^2nfphiLiq_fb 

Q-Vqqid _fb-Vqqiq_Jb 
E = jVqq 2 +Vdd 2 

E 2 

M = 

2n- JphiQ 

27r.fbase(M + L) 

[0089] By calculating, mutual-inductance [ of a motor ] M and the no-load current 10 can be 
found. 

[0090] Here, although considered as the time of the completion of acceleration, even if it 
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measures at the time of day of the arbitration under operation, it does not interfere. 
[0091] In the usual operational status, since the approach of this invention is extracting and 
calculating the signal of each part, it can be applied regardless of the difference in the 
configuration of the speed-control machine by the existence of PG etc. 

[0092] Drawing 1 1 is the block diagram showing the configuration of the motor control device 
which enforces the motor constant measuring method of the induction motor of this invention 
according to claim 1 1 to 1 3. The motor constant operation machine 1 outputs current command 
i_ref. The current value which flows to an induction motor 3 is incorporated as the current iu 
detected with the current detector 4 formed in U phase, and iv detected with the current 
detector 5 formed in V phase, by the three phase two phase converter 6, calculates (1) type and 
(2) types, and changes them into two phase alternating current ialpha and ibeta. 
[0093] 

[Equation 37] 

iw = -{iu+iw) (1) 



[0094] The phase which detects a current may detect all the two phase or three phases of not 
only the combination of u phase and V phase but arbitration. 

[0095] The current computing element 7 calculates the square root of the sum of the square of 
two phase alternating current ialpha and ibeta, and calculates current detection value ijfb. Lfb is 
inputted into the average and the phase contrast computing element 8, and average i_fb_ave is 
calculated. Here, count of the average takes the absolute value of i_fb, and although it has 
obtained the result by letting a low pass filter pass, it may calculate the average using options, 
such as the moving average. The current PI control machine 13 is controlled so that current 
command i_ref and current detection average ijfb_ave are in agreement. The output of the 
current PI control machine 13 serves as electrical-potential-difference command v_ref. In a 
power converter 2, electrical-potential-difference command value v_ref is converted as line 
voltage, the output phase of the three-phase alternating current is calculated using electrical- 
pbtential-difference phase thetav given from the motor constant operation machine 1 , and 
three-phase-alternating-current power is supplied to an induction motor 3. 
[0096] The operation gestalt of claim 1 1 is explained. 

[0097] The T-1 mold equal circuit where it is about [ 1 ] sufficient for an induction motor is 
shown in drawing 12 . For primary resistance and L, leakage inductance and M are [ R1 / 
secondary resistance and s of a mutual inductance and R2 ] skids. Since the amount of [ of 
mutual-inductance M ] impedance becomes zero when a direct current is passed, an equal 
circuit becomes like drawing 13 . 

[0098] Below, a phase in case the current of U phase serves as a peak is explained as 0 degree. 
[0099] With this operation gestalt, the phase of electrical-potential-difference phase thetav is 
made into 0 degree. 

[0100] First, if 20% of value of the induction motor rated current is given as current command 
value i_ref, as work of the current PI control machine 13 shows to drawing 14 f electrical- 
potential-difference command v_ref will change, and v_ref will become fixed in the place whose 
current detection value i_fb_ave corresponded with i_ref1. Here, as it waited for 2 seconds, the 
width of face of the section A which performs current control by time amount is determined. 
Since it is related to the control characteristic, time amount until it becomes this stability is 
enough if it usually waits for 2 seconds, but when the gain of the current PI control machine 13 
is not raised in the property of a load machine etc., this time amount is lengthened. After passing 
for 2 seconds, gain Ki of the current PI control machine 1 3 is made into zero, and current 
command value v_ref is fixed by outputting the value collected on the integrator as v_ref. After 
waiting fixed time amount (here, it considered as for 1 second) furthermore, average v_ref_ave 




(2) 
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and i_fb_ave of v.ref are read and it considers as v_ref1 and ijfbl. v_ref_ave inputs the value of 
v_ref into the average and the phase contrast calculator 8, and calculates it. Next, 40% of the 
induction motor rated current is given as current command Lref, it controls similarly, electrical- 
potential-difference command value v_ref_ave and current detection value Lfb_ave are read, and 
it considers as v_ref2 and i_fb2. If this data of two points is made into a graph, it will become like 
drawing 15 . Since this inclination expresses the primary resistance R1, it is [0101]. 
[Equation 38] 

Rl= {(v_ref2-v_rcri)// 3 }/(i_fl>2-i_fbl) 

[0102] It is alike and calculates more. And 2xR1 is made into resistance RL-L between lines. 
Although considered as 20% of the induction motor rated current, and 40% here, a current value 
is good also as a different value from this, and may be performed about the current value of 
three or more points. 

[0103] When measurement of three or more points is performed, for example, when it carries out 
with three kinds of current values, 20%, 40%, and 60%, an approach according to claim 12 
calculates an inclination between 20%-40%, 40%-60%, and 20%-60%, respectively, takes the 
average of the inclination, and should just use it. 

[0104] An approach according to claim 13 is explained. As shown in drawing 15 , the data which 
the point measured are approximated and extended by the linear expression, and the value of 
v.ref in case a current value is zero is recorded as electrical-potential-difference offset value 
v_ref0. This is equivalent to a part for the voltage drop by the component used for a power 
converter 2. What is necessary is just to ask by the straight-line approximation of two points of 
arbitration, or the regression curve by the 2nd [ an average of ] power error method, when 
having measured about three or more kinds of current values. 

[0105] The operation gestalt of claim 14 is explained. Drawing 16 and drawing 1 7 are block 
diagrams which enforce claim 14 and an approach according to claim 15. 

[0106] In drawing 15 , output voltage command v_ref and output voltage phase thetav are given 
to a power converter 2 from the motor constant operation machine 1 , the three-phase 
alternating current is outputted based on this, and an induction motor 3 is operated. The current 
value which flows to an induction motor 3 is incorporated as the current iu detected with the 
current detector 4 formed in U phase, and iv detected with the current detector 5 formed in V 
phase, with the coordinate transformation vessel 6, calculates (1) type and (2) types, and 
changes them into two phase alternating current ialpha and ibeta. The phase which detects a 
current may detect all the two phase or three phases of not only the combination of u phase and 
V phase but arbitration. 

[0107] In the current computing element 7, the square root of the sum of the square of two 
phase alternating current ialpha and ibeta is calculated, and current detection value i_Fb is 
calculated. Phase thetah which gives the instantaneous value of the amplitude of v_ref given with 
electrical-potential-difference command v_ref f current detection value i_fb, and the motor 
constant operation vessel 1 is inputted into the average and the phase contrast computing 
element 8, average v_ref_ave of v_ref, average i_fb__ave of i_fb, and phase contrast thetadif 
calculate it, it is inputted into the motor constant operation machine 1, and calculates a motor 
constant. The differences with drawing 1 1 are the point of having given electrical-potential- 
difference command v_ref rather than giving a current command, and a point of having inputted 
into the average and the phase contrast arithmetic circuit 8 phase thetah of the frequency 
component given as electrical-potential-difference command v_ref. Drawing 1 7 is the block 
diagram showing the configuration of an average value and the phase contrast computing 
element 6. Average i_fb_ave and phase contrast thetadif of v_ref and Lref are calculated by 
processing of the block diagram of drawing 1 7 . 

[0108] Since impedance omegaM by mutual-inductance M will become large compared with R2 if 
a frequency becomes high, the equal circuit of the induction motor shown in drawing 12 can be 
approximated in the series circuit of R1, L, and R2, as shown in drawing 18 . a part for therefore, 
the resistance from an electrical potential difference, the magnitude of a current, and both phase 
contrast — R1+R2 and reactance part omegaL can be found. 
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[0109] With this operation gestalt, thetav is made into 0 degree and the 1st frequency fh of 1 = 
15Hz f the 2nd frequency fh of 2= 30Hz, and the current set point according to claim 14 are made 
into 80% of the induction motor rated current. First, v_ref=vamp-sin (2, pi, 15, andt) and [t give 
magnitude vref of an electrical-potential-difference command by time-of-day] as magnitude 
Vamp=0 of a voltage swing, and it operates. A voltage swing Vamp is adjusted supervising i_fb so 
that current detection average i_fb may become 80% of the rated current of an induction motor. 
Let the amount of degrees of Vamp be suitable magnitude so that a current may not change 
rapidly. With this operation gestalt, 1/1000 of the magnitude of induction motor rated voltage 
was subtracted and added to Vamp. After current detection average i_fb becomes 80% of the 
rated current of an induction motor, After arbitration carries out setup-time (here, it could be 3 
seconds) progress, the phase of i_fb [ average / of the absolute value of magnitude v_ref of an 
electrical-potential-difference command / average / of the absolute value of the magnitude of 
v_ref_ave1 and current detection value i_fb ] on the basis of Lfb_ave1 and v_ref is set to 
thetadifl. Next, set a frequency to 30Hz and the same operation as the time of 15Hz is 
performed. The phase of i_fb [ average / of the absolute value of magnitude v_ref of the 
electrical-potential-difference command at this time / average / of the absolute value of the 
magnitude of v_ref_ave2 and current detection value ijb ] on the basis of ijfb_ave2 and v_ref is 
set to thetadif2. Here, the average inputs each saturation value into a low pass filter, and uses 
the output. The electrical-potential-difference command at this time and the timing diagram of a 
current detection value are shown in drawing 19 . If the relation of the electrical potential 
difference for which it asked here, a current, and phase contrast is dealing with it with complex 
as shown in drawing 20 , an impedance and its real part component, and an imaginary part 
component will be obtained by the degree type. 
[0110] 

[Equation 39] 

Zxl=(v_ref_avel//~3) /(i_fb_avel), Zx2^(v_ ref^ave2//T)/(i fb_ave2) 
Zxrl=Zxl • cos 8 di f_L> Zxr2=Zx2- cos 0 dif_2, 

Zxil=Zxi-sin 8 dif_L, Zxi2=Zx2-sin 6 dil_2 

[01 1 1] At this time, the real part components Zxr1 and Zxr2 express resistance part R1+R2, and 
the imaginary part components Zxi1 and Zxi2 express reactance component omegaL. First, a real 
part component is considered. If Zxr2 at the time of Zxr1 and fh2 (30Hz) at the time of fh1 
(15Hz) is expressed with a graph, it will become like drawing 21 and will change on the frequency. 
This is considered to be based on the effect of the skin effect etc. Although it can be found in 
R2=Zxr-R1, since R1 passes and measures a direct current, as shown in drawing 21 , it carries 
out straight-line approximation of the measured value, and uses the value at the time of 
frequency fh=fh1 and fh2/(fh1+fh2) =15.30/(15+30) =10Hz as Zxr. Next, an imaginary component 
is considered. Since it is proportional to a frequency component mostly about an imaginary 
component, it asks for leakage inductance from L=Zxi/(2 and pi-fhj) as Zxi=Zxi2 and fhj=fh2 
using the value at the time of fh2 (30Hz). Here, fh2 was used because a measurement error was 
made small, since the one where a frequency is higher became [ an electrical-potential- 
difference value ] large. The frequency of the lower one may be used and you may calculate from 
the inclination in two frequencies. 

[01 12] Next, the operation gestalt of claim 15 is explained. In said secondary resistance and 
measurement of leakage inductance, Zx1 and Zx2 are calculated by the degree type using 
electrical-potential-difference offset value v_ref0 calculated previously. 
[0113] 

[Equation 40] 

Zxl=(v_ref_avci//T— v_r<^)/(ijb_avel ) , 
Zx2= ( v_ref _ave2//~3 - vjref 0) / ( i _f b_ave2) 

[01 14] Subsequent count is the same as that of the above-mentioned. 

[01 15] In the operation gestalt of claim 14, where current ijfb2 of different magnitude from the 
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current value passed on the same frequency as the above at the time of said measurement is 
passed, same measurement is performed. Here, i_fb2 is made into 40% of a motor rating current 
(above 1/2) as an example, the average of the absolute value of v_refave3 and a current 
detection value is made into i_fb_ave3 for the average of the absolute value of the electrical- 
potential-difference command value in 15Hz, and the average of the absolute value of v_ref_ave4 
and a current detection value is made into ijfb_ave4 for the average of the electrical-potential- 
difference command value in 30Hz. As shown in drawing 22 (a) and (b), in 1 5Hz and 30Hz, 
straight-line approximation is carried out with two current values, respectively, and a value in 
case a current value is zero is calculated as electrical-potential-difference offset v_ofs15 in 
15Hz, and electrical-potential-difference offset v_ofs30 in 30Hz. There is also a method of 
compensating electrical-potential-difference offset by using these offset values instead of 
electrical-potential-difference offset value v_ref0 according to claim 1 3 to the electrical- 
potential-difference command value in 15Hz and 30Hz. Moreover, you may ask for 15Hz of 30Hz 
of each impedance from the inclination when changing a current value, without calculating an 
electrical-potential-difference offset value. Moreover, the average of two current values may be 
used about the phase for asking for the real part of an impedance, and imaginary part. 
[01 16] In addition, it is what equalized by letting a low pass filter pass after the electrical- 
potential-difference value and the current value when giving a signal (the 15 above-mentionedHz 
and 30Hz) although explanation was omitted in the processing described above since it was easy 
takes an absolute value, and electrical-potential-difference value offset value v.ref 0 which 
stated by the gestalt of operation of claim 1 3 to being the average is what obtained from the 
direct-current value, and since it is actual value or maximum, it uses the value which carried out 
the average conversion of v.refO. Although considered as the average here, as long as it has 
taken adjustment of each conversion, any of actual value, the average, and maximum may be 
used. 

[01 17] Drawing 23 is the block diagram showing the configuration of the equipment which 
enforces the motor constant measuring method of claim 16 of this invention, and the induction 
motor of 1 7 publications. In drawing 23 , a power converter 2 changes into three-phase- 
alternating-current power electrical-potential-difference command v_ref and electrical- 
potential-difference phase thetav which were given from the motor constant operation machine 
1 , and supplies three-phase-alternating-current power to an induction motor 3. The current 
value which flows to an induction motor 3 is incorporated as the current iu detected with the 
current detector 4 formed in U phase, and iv detected with the current detector 5 formed in V 
phase, with the coordinate transformation vessel 6, calculates (1) type and (2) types, and 
changes them into two phase alternating current ialpha and ibeta. (2) a formula — setting (2/3) - 
- a conversion front and after conversion have taken advantaging and it is for making magnitude 
of the amplitude equal. The phase which detects a current may detect all the two phase or three 
phases of not only the combination of u phase and V phase but arbitration. Two phase 
alternating current ialpha and ibeta are inputted into the motor constant operation machine 1 , 
and calculate the primary-current detection value i1 as a square root of the sum of the square 
of two phase alternating current ialpha and ibeta. 

[01 18] Drawing 23 is what usually transposed the block of an electrical-potential-difference 
command, speed control prepared in the preceding paragraph of an output voltage phase, current 
control, etc. to the motor constant operation machine 1 in the identification approach of the time 
of operation, and the conventional motor constant in the motor driving gear by the inverter, and 
extracts and illustrates a part required for operation of this invention, and both change with the 
switch formed separately. 

[0119] First, the principle of the operation gestalt of claim 16 is explained. 

[0120] 1 [ in / to drawing 24 / the idle state (skid s= 1) of an induction motor ] — the T-1 mold 
equal circuit for which are fairly sufficient is shown. For R1, primary resistance and L are 
[ secondary resistance and M of leakage inductance and R2 ] mutual inductances, and the 
electrical potential difference to which v is impressed, and i1 are currents (exciting current) to 
which the primary current of a motor and i2 flow to the secondary current of a motor, and im 
flows to mutual-inductance M. 
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[0121] It is [0122] when an equation is formed based on KirchhofFs law in the equal circuit of 
drawing 24 by setting to em electromotive force produced by change of the current which flows 
to mutual-inductance M. 
[Equation 41] 

v = Rin + L^ + e m (3) 

e m =Af— = R2-i2 (4) 
dt v 3 

il=im+i2 (5) 
[0123] It becomes. 

[0124] (3) types are [0125], when leakage inductance L is disregarded since leakage inductance 
L is small compared with mutual-inductance M, and it is easy, 
[Equation 42] 

v = R\n + e m (6) 
[0126] It becomes. 

[0127] Moreover, it is [0128] from (4) and (5) types. 
[Equation 43] 

R2 dt K} 

[0129] (4) It is [0130] when a formula and (7) types are substituted and summarized at (6) 

ceremony. 

[Equation 44] 

y -jB.*, + *q«±B.j» (8) 

R2 dt K } 

[0131] Initial condition It sets at time of day t= 0, and is im 0= 0. (9) 
It is [01 32], when it carries out and solves about im. 
[Equation 45] 

/iM = ^-(1-e"0 (10) 
Rl 

[0133] It becomes. 

[0134] Here, tau is a time constant. 

[0135] Therefore, [0136] 

[Equation 46] 

Ajf R\R2 

M -~ — -r (12) 

R\+R2 v ' 

[0137] If it asks for a time constant tau from the current im which flows to next door and 
mutual-inductance M and substitutes for (12) types, it can ask for mutual-inductance M. 
[0138] The principle of the operation gestalt of claim 17 is explained. 

[0139] The current im which flows to mutual-inductance M is a current which flows in the 
interior of an induction motor, and cannot be measured directly from an induction motor input 
terminal side. Then, how to presume the current im which flows to mutual-inductance M next is 
explained. 

[0140] (4) From a formula and (6) types [to 0141] 
[Equation 47] 
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/2 = 



v-fll ;l 
R2 



(13) 



[0142] (13) Substitute a formula for (5) types and it is [0143]. 
[Equation 48] 

im = #1 - #2 = /I - r 1 4 ^ 



/?2 



[0144] (14) Arrange a formula and it is [0145]. 
[Equation 49] 



Jil v 
«» = (!+—)-«- — (15) 
/?2' 7?2 V ' 



[0146] It becomes. 

[0147] Therefore, im can be calculated by (15) types using the primary current i1 which flows to 
the electrical potential difference v and motor which are impressed to a motor, and it can ask for 
mutual-inductance M by substituting for (12) types in quest of a time constant tau from this 
change of im. 

[0148] The no-load current 10 is a current which flows when giving an induction machine, and it 
is no-load and the power source of rated voltage and rated frequency is rotated, and the equal 
circuit at this time is expressed as a series circuit of R1, L, and M in the T-1 mold equal circuit 
of drawing 24 . 

[0149] Therefore, the electrical potential difference v at this time and the relation of a current i1 
are [0150], 
[Equation 50] 



[0151] It is [0152] when (16) types are rewritten only paying attention to an electrical potential 
difference and the magnitude of a current, using a next door and rated voltage as V. 

[Equ ation 51] 

V = tJr] 2 + <o 2 (L + M) 2 -10 (18) 

[0153] It is a numeric value showing an electrical potential difference and the magnitude of a 
current, and V and I are either actual value, maximum or the average, respectively, and should be 
just the same with an electrical potential difference and a current. 
[0154] (18) It is [0155] when a formula is solved about 10. 
[Equation 52] 



[0156] A next door and the no-ioad current 10 can be found. Although R1 and L are taken into 
consideration by (16), (18), and (19) formulas, since it is easy, it is also considered that R1 and L 
are disregarded. 

[0157] Estimate of im which calculated electrical-potential-difference v=V1 by (15) types using 
the primary current i1 at the time of giving at a step, the current im which flows to a mutual 
inductance and the primary current i1, and R1 and R2 [0158] 
[External Character 14] 
im 



v = J?l-il + ycu(L + M)il (16) 
oj=27rf .fiMSiKft (17) 



70 = 




[0159] The wave of ****** change is shown in drawing 25 . i1, im, [0160] 

[External Character 15] 

im 
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[0161] [0162] which ****** 
[External Character 16] 
/l- 

[0163] It is ** (V1/R1), and is [0164]. 
[External Character 1 7] 

im 

[0165] From ** 0 [to 0166] 
[External Character 18] 
71 «, 

[01 67] the wave when carrying out until change 
I am doing one. Therefore, [0168] at this time 
[External Character 1 9] 
im 

[0169] From ****** to a time constant [0170] 
[External Character 20] 



— the wave of im — about — it can check that 



[0171] ********** is good. 

[0172] From here, the contents which realized the approach based on the above-mentioned 
principle are explained based on drawing 23 . 

[01 73] Below, a phase in case U phase serves as a peak is explained as 0 degree. 

[0174] With this operation gestalt, the phase of electrical-potential-difference phase thetav was 

carried out as 0 degree. 

[0175] First, the decision approach of the magnitude of the predetermined electrical potential 
difference V1 given to a motor 3 is explained. Although any value is sufficient as the electrical 
potential difference V1 impressed to a motor 3, it is necessary to make it into the range which 
does not damage an induction motor 3 by fire by generation of heat by the current in fact. 
Therefore, about the case where an electrical potential difference V1 is given so that it may 
become 50% of current value of the motor rated current here, an example is given and the 
decision approach of V1 is explained. First, giving electrical-potential-difference command v_ref 
as zero, and measuring the current detection value i1, the rated voltage of an induction motor 
adds 1/1000 cut [ fine ] vref at a time, and it is enlarged. And the value of v_ref at that time is 
memorized as VI, and supply of the power to a motor 3 is intercepted in the place where the 
current detection value i1 reached 50% of the induction motor rated current. What is necessary 
is just to set the augend of an electrical-potential-difference command as arbitration in the 
magnitude which is extent from which a current does not change rapidly. Moreover, when the 
current limiter is equipped, 50% of value of the rated current is given as a current command, and 
when a detection current value passes a direct current and has measured primary resistance in 
the phase which was in agreement with the current command value before identification of the 
current command value at that time of V1 then the mutual inductance which it is good and has 
been stated to this invention, or the no-load current, the current value and electrical-potential- 
difference command value at that time may be used. Of course, a current value is good also as 
values other than 50% of the rated current. 

[0176] Next, V1 is given as electrical-potential-difference command vref, and an electrical 
potential difference is impressed to an induction motor 3 at a step. The primary current i1 at this 
time is measured, and it is [0177] by the above-mentioned (15) formula. 
[External Character 21] 
im 



[0178] ********. v in (15) types is v_ref here, and im is [0179]. 
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[External Character 22] 
im 

[0180] It is alike and corresponds. R1 and R2 use the value given by the performance test record 

of an induction motor, or another existing identification means. 

[0181] 

[External Character 23] 
im 

[0182] It asks for a time constant tau from a ************ wave, and is a value at this time 
[0183] 

[External Character 24] 
*im 

[0184] It carries out. 
[0185] 

[External Character 25] 
r im 

[0186] It substitutes for tau shown in (12) types, and asks for mutual-inductance M. Time 
constant [0187] 
[External Character 26] 

r im 

[0188] **, [0189] 
[External Character 27] 
itri 

[0190] Although the method of measuring and finding time amount until it amounts to **(1-1/e) 
0.632 time of the last (convergence) value from ** 0 is common, the change of a current and the 
time amount in the meantime in the current value of arbitration may be measured, and 
conversion whose time amount of the corresponds with a time constant may be given. In the 
case of the latter, since measurement by two or more points is attained, it is possible by 
measuring some data and taking an average to reduce dispersion. 
[0191] The operation gestalt of claim 17 is explained. 

[0192] The rated voltage Vrate and rated frequency frate of an induction motor are [0193] when 
it applies to (19) types using M identified this by R1, L, R2, and the above-mentioned approach 
which were given by the performance test record of an induction motor, or another existing 
identification means, since it is given as a specification of an induction motor. 
[Equation 53] 

70= , Vraie (20) 

jltl 2 + (2tt frate) 2 (L + M) 2 

[0194] A next door and the no-load current 10 can be found. 

[0195] Since it is easy when a certain amount of error is permissible, L and R1 may be omitted 
and calculated. 

[0196] Next, the operation gestalt of claim 16 is explained. 

[0197] Where a direct current is passed, it can be considered that the equal circuit of an 
induction motor is only primary resistance, as mentioned above. Therefore, it is a current value 
at the time of being completed by the primary-current value i1, since it becomes only primary 
resistance when time amount passes enough although a current flows also to secondary 
resistance transitionally immediately after impressing direct current voltage [0198] 
[External Character 28] 

*1» 
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[0199] Then, an electrical potential difference [0200] 
[External Character 29] 

[0201] A next door and the aforementioned (15) formula are [0202]. 
[Equation 54] 

[0203] It can rewrite. 

[0204] Here, since it is estimate, im is [0205]. 

[External Character 30] 

im 

[0206] It describes and calculates like the above-mentioned contents according to claim 16 
henceforth. If it does in this way, since an electrical-potential-difference value will not be used 
on the occasion of an operation, measurement independent of the electrical-potential-difference 
precision of a driving gear can be performed. It is [0207] when the value at the time of primary 
resistance measurement is used for how to give an electrical-potential-difference command as 
mentioned above. 
[External Character 31] 
il m 

[0208] The current value read at the time of resistance measurement should just be used for a 
** value. 

[0209] The operation gestalt of claim 19 is [0210] according to claim 18. 

[External Character 32] 

im 

[0211] Contents according to claim 17 are carried out using the ****** approach. 
[0212] 

[Effect of the Invention] It is effective in the primary resistance, the secondary resistance, the 
leakage inductance and the mutual inductance, or the no-load current of an induction motor 
which is needed in order to control an induction motor with high precision according to this 
invention, as stated above being tunable with high precision also in the condition that the load is 
combined with this induction motor. 



[Translation done.] 
* NOTICES * 

JP0 and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 1] It is the block diagram of the operation part of this invention of an induction motor 
control device. 

[Drawing 2] It is the block diagram of the average and the phase contrast computing element 8. 
[Drawing 3] It is the T-1 mold representative circuit schematic of an induction motor. 
[Drawing 4] It is a representative circuit schematic at the time of primary resistance tuning. 
[Drawing 5] It is the timing diagram of the electrical-potential-difference command value and 
current detection value at the time of primary resistance tuning. 

[Drawing 6] It is the graph of the electrical-potential-difference command value and current 
detection value at the time of primary resistance tuning. 

[Drawing 7] It is a representative circuit schematic at the time of secondary resistance and 
leakage inductance tuning. 

[Drawing 8] secondary resistance — and it is alike and is the vector diagram of the impedance of 
the equal circuit at the time of leakage inductance tuning. 

[Drawing 9] secondary resistance — and it is alike and is the timing diagram of the electrical- 
potential-difference command value and current detection value at the time of leakage 
inductance tuning. 

[Drawing 10] It is the block diagram which applied the operation gestalt according to claim 10. 
[Drawing 11] It is the block diagram which applied claims 11-13 and the operation gestalt of 
invention given in 1 7. 

[Drawing 12] It is the T-1 mold representative circuit schematic of an induction motor. 
[Drawing 13] It is a representative circuit schematic at the time of passing a direct current to an 
induction motor. 

[Drawing 14] It is the timing diagram of the electrical-potential-difference command value and 
current detection value at the time of primary resistance tuning. 

[Drawing 15] It is the graph of the electrical-potential-difference command value and current 
detection value at the time of primary resistance tuning. 

[Drawing 16] It is the block diagram which applied claim 14 and the operation gestalt of 15 
publications. 

[Drawing 17] It is the block diagram of the average and the phase contrast computing element 8. 

[Drawing 18] It is an equal circuit at the time of secondary resistance and leakage inductance 
tuning. 

[Drawing 19] It is the timing diagram of the electrical-potential-difference command value and 
current detection value at the time of secondary resistance and leakage inductance tuning. 
[Drawing 20] It is the vector diagram of the impedance of the equal circuit at the time of 
secondary resistance and leakage inductance tuning. 

[Drawing 21] It is a variation diagram by the frequency of the real part component of the 
impedance of the equal circuit at the time of secondary resistance and leakage inductance 
tuning. 

[Drawing 22] It is drawing showing the current when giving a signal (15Hz and 30Hz), and the 
relation of an electrical-potential-difference value. 

[Drawing 23] It is the block diagram which applied the operation gestalt according to claim 1 6 to 
19. 

[Drawing 24] It is the T-1 mold representative circuit schematic of an induction motor. 
[Drawing 25] It is drawing showing the time amount change wave of the current at the time of 
impressing direct current voltage in an induction motor. 
[Description of Notations] 

1 Motor Constant Operation Machine 

2 Power Converter 

3 Induction Motor 

4 Five Current detector 

6 Coordinate Transformation Machine (Three Phase -2 Phase-number Conversion) 

7 Current Detection Value Computing Element 

8 Average and Phase Contrast Computing Element 
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9 Coordinate Transformation Circuit (Three Phase -2 Phase-number Conversion and Dq 
Coordinate Transformation) 

10 Q Current PI Control Machine 

1 1 D Current PI Control Machine 

12 Electrical-Potential-Difference Command Computing Element 

1 3 Current PI Control Machine 

14 Speed-Control Machine 
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immm 1 2 ] *»ff*KH«sftfc-j£ffi©s*ffi 
r***««^fi*3«KJ£LL©u'<ji/ti,. -eti^n 
©K^^fc^r^tofc— ycffi$t©fii©¥-^fii?:— 

[lf*3113] fti'JLfcfiIv_r e f 1 . i_fb 
1. v_ref2. i_f b2^6f#6n-S— ^^1^; 

a> 6 SiiiEtfcffifil i f _ f b im<n t * ©mitf i^fil v _ 

i iBtg©if^«^©mab^ifea<JS^i*. 

twc«»u ^^^©nj^Mfe^tf^maj^fijajii 
gtrab-^r. >^*-^w^©tt.^©— 
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* e>nfc— #ra&4*tt8©— %*%ffi i_fb £A;£>u 

*W«rr*tt:^#«»8£. «EE*a^fflv_r efi 

i%%(D*Z 2 v r e f fc. «ttM©££U3l»KltO 1 
10 0 #© 1 «±©JHi£$( f h 1 te <fc cmi£©JS*I£ v a m 
p i. L/T v_ref = vamp • s in (2 • 7t • fh 

i • t ) r^*.. s^^tufit i _ f b *s^»e*ccsKe 

3tifc*»afi3eflK:&SJ:5K i _f b*BMLtt#6 
vamp & ftti$iftlg L/. i _ f b #i!«feSfi£195EfiiK: & 

#3 v_ r e f ©^^^©^P^fii* v_r e f _a v e 

i . mwt^mm i _ f b©A-s somttrnvw-Qm* i 

_fb_abel, v_ r e f &mm£ Ltc i _ f b © 
{4f@£0 d i f 1 il, 
20 Mi^&«tt«©£^^i&Xfc© 1 0#© 1 « 

±Tfh 1 tiXSVZ&m&lk fh2iU BufBHiiiSlS^ 

Ofc««C, SIIJi^©*£3v_r e f ©«*ftt©^ 
fil£v_r e f_a ve2. miifEflHtiM i _ f b ©*# 
3<Di?tI©?^I5: i _ f b _a v e 2 , v_ref 
*mmt lfci_f b ©liffl^r ddi f 2 £ U 
[2*13 3 



Zxl = (v_ref_avel//l>/(i_fb_avel). Zx2=(v_ref_ave2//D/(i_fb_ave2) 
Zxrl=Zxl -cos 0 di f_L. 2xr2=Zx2-cos 6 di f_2. 

Zxil=Zxl -sin0 di fJL. Zxi2=Zx2sin0 dif_2 



«lt»l, MMKf h l©i*OZx r 1 4aJ:cfmHK 
f h 2©<L#©Zx r 2*JBl,»-C#€»*l*— 
hmmkt h#f h l-fh2/(fhl + fh2)© 
«©Zx r©tt*»*U CtitWBi«©-^aaitffl 
R 1 4fl,>t«WI©^8ffiitR 2 = Z x r - R 1 (C 

f h l*jj:tff h 2 ©igt, >#©;§&$!£ f h_l 
£U COitCZx i©IS5;Zx i <i Ofcit^&C. il 
ft-f>:$^5r>*£L = Zx i/ (2 • 7C • f h_l ) 40 

immm 1 5 3 1 3 sfficDitm-c&nbtcmm* 

KBv_r e f 0£ffll^T. 
[&14 3 

Zx!=(v_ref_avel/v r 3-v_ref0)/(i_rb_avel). 
Zx2=(v_ref_ave2//"3-Y_refO)/(i_fb_ave2) 

itSCifCfcO, ^K)^©-^ffitn[R2*5j:D ( iin-r 

<Dt&9bffi£.mimxm. 50 



[if^ 16 3 ■< v=mm*mimM 
mmimmo>-tm'o ©^ffliiss^T - 1 ^nffiieisgi 

Jg^v_r e f <bbt:^©-^ffl?:#A. C©»{CR 



awwwifciftns— *«a*w«a i 1 ^k^bxij . futa 

— acWftffi i 1 *s J:0'J3"J©#e«:a: 0 

tnffiRl. r;Xfi!afflR2 4Il>t, tBS-r>^^^> 

[^15 3 



C6) 



v ref 
R2 



tm = 1 + I'll- 

{ R2) 

mi] 

~im(t) 

<DtL%iL-& *) mz#> h mm®. 

[*f2] 

[&ie] 

W3] 



tei L.-c-^^.6n^^tsm)iv rate. jg«jn»set f 

rat e kM3&BKJ>#?2>?.M$:m^xm£iffin 
[Ii#5il8] ^>^'-*KJ:9=fB£8iE£if«ilI«i 

{4tae v^sjcHtB^^m^^ss^^ni. 3*31 
u 

ttu&ffi e v sbs^s n/cff mommm t l . hie 

Ji^v_ refi l/-C3BE©-5E|B*-^it. C«DBKcR 

-3. SEJi^v_r e f <Sr^Afc^CC. — ^t«fi i 

1 jeffitCJRjji O/c £ i* ©fil£ 

W4] 

iOfcift^tc. buIB— ^Htfifil i 1 *J <fcO*giJcD^©«: J: 
9^*P>ftfc->Xi6Jn<8R 1. ~:*igSifiIR 2£fljt> 

[&17] 



[Jf5] 
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t©«SSE«t5£fi6 
im(t) 



me] 

io [» 1 8 3 

., RIR2 , 

Af = r. 

R1+R2 m 

[fl-7] 



20 -i>#**>*L, -^f6tnfflR2%e>a : Ccma&^©S 
&tLX5-Z.htiZMfemf£V rate. Jg«nifflKf 
rate imrfefBS-i £ V^M^ffl^trMfiMS 

as i o zmtb s . if mm 1 8 taiB©s§3ims5«©m»rfR 
mwvftMKmm] 

[0 0 0 1 ] 
[0 00 2] 

30 mfttonm] wmmt u-c. j ec-3 7K^;?n 

■c. d - q Mtw&Muma&Bsaitn omm.xmm. 
40 -rssisffief-ccfes. 

[0 00 3] 

[ft9!#MifeOJ:9&-*-£lH] 1 ICmttm.'C 

so [0004] se*0H2fw. wiXi**Bi*no. 



11 

aE«s«*s5-r * £ 1, > o fcmatffe -o fc. 

[000 5] Ofcj&JoT, *R9!©5ttt;S:. BW«Sb«R 
[000 6] 

tt*«*jafl- (dttftft) ih;^^ <qtti*K#) £ 
CCSMKU d «^<DSjffi}i^ £ d «lJiS#©«jfet&mffi 

*&rafff atafttias £ . c ©jtontoMffiisafti a £ e 
ft sir i ©imf§ti§£ . q «fiS»(om8SEJg^£ q 

WHWlilSAAil. ffi^©G13l£:|£ £?"£<£ 5 

<DtU*£ff5S©qWlffl«>SE}g^fil£**n#U. qttS 
IEJg^fiI£f#£lfl 2 ©*Bl?3§£ . d ii&fiJEfi^HIfc <fc C? 
q»«EE«^2fe&«BEfB^©*S3 v_r efilE 

iuts 6» v * w» l . *aas^©* * s t 

L"C» *> t £ K <fc 0 WfflTJ- 4 . «»«&©■*< f h Aflfflltt 

^fS i d_ r e f 1 £ q IS ®JfEfg«&ffl i q_ r e f 1 * 
l#a©JB^fflil/r#*. d«»«raE*B^ttvd_ 
r e f_cia«B««J«EE*&^«va_r e f_c*£ 

^»K3e$tifc»fl©^|BISBll/fca. dttJt0!9t&M 

at/fcfttc. d«WBEffr&vd_r e f te«tUfq*WIEE 
J£3fvq_r e f *6«EEJg^ 

[0 00 7] 

[R19] 



v_ref=7 (vd_ref l + vq_ref a ) 

[000 8] fcflBSU dtt«8£^aHBi d_f b£q 
#«SSEtftttffi i q_ f bfefettitttfHfl 
[000 9] 
[12 0] 

ijW (id_fb 2 Hqjb 1 ) 
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*i^i41f@©?-$v_ref 1, i_f blit, 

*k . ttiemfflaiaanps© y > *7c©ii«:R l . 

^flStcBBES ttfc— JEffl© d Nffi&Ji^HI i d _ r 
e f 2&atmm&£tti q_r e f 2£22#@©Jg 
❖faiLT^F*.. d«li»«Bi^|vd_ref_c 
£qf**f8b^lEfg^fiIvq_r e f _ c £ £ 4>tC^£ U 

n/c 0 1 (Dvs&mim l tc& . d M«utffm^M» 

10 -*>*«£ U C©B#^J#>£^&t^£*ifcl&2©ll#|B] 
Sjfi L fc«tC . C ©HI 2 ©B#|fflF«3©ffije©B#raF«g tC*JC» 
Ximttcv__r e f©^ffl£ i_f b©¥*MI*» 

2f@©f-fv_ref2, i f b 2 £ UXM$b$k 

© 1 affitS* 

[0 0 1 1 ] 

[12 1] 

Rl= {(v_rea-v_refi)//3)/(i_n)2-i_lbl) 
[0012] £»55R#>. fe£&*tttt©SUR]tt$ifB&R 
t. t = 2 • RUI3*64. 

20 [0013] Jt«?!ifa^fijffl)s©yw>*jcfco* 

s?£ U «H(4ffl6» v4f»8^3nfcffS<DiSffli 
0. SJIJg<&©*:&3 v r e f Stb«©S«&tS©3£ 

ffiaest»»© ioftoi tu:©as«cn*» f h * «t 

cnKBE©£itB& v a m p £ LX v_ref = vamp • 
sin (2-7t-fh-t) -C^^., vamptt. d$A 
«S£lfctbffi i d_f b £qWm^Wfiii q_f b#>6 

[0 0 14] 
30 [12 2] 

i_fb=V (id_fb , + iq_fb 2 ) 

[0015] *^»ff^«:S^§*ifcfliS^fflcc^s 
J: 5 tc i _ f b ZmtiHstt&h vamp &ttl«P»SU 

i _ f b jWiBWSi^Btc&ofclg, eE.^©aSSB#ra 
£iHM L/ fcf&tC . HIBg<S©* 1 2 v _ r e f ©Mttfii 
©¥*SJ«I£ v_ r e f _a v e 1 . m^ttlfil i _ f b 
©A^S©^®©^®* i _f b_a v e 1 . *5«fc 
tfv_ r e f *Wmt Ufc i _ f b©ft*B£ 9 d i f 1 

£u, ^«c. ^je>Rjestifc»4©«aaweffl«:asj: 

40 ^JCvamp^HIML. Buiaft^raejSLfc^tC. « 
)IJi^©^:&$ v_r ef«MB»IOW«tv_r e 
f_ave2. ®K«iaHBi_f b ©*fr 3 ©*&*fffi© 
¥^I«:i_fb_abe2, v_ref*Siilfc 
i_f b©{4tB^6» d i f 2£U 
[0016] 
[12 3 3 



[0010] tflfttU C©»2©B*IBl*9©ffiK©«F|H 
F*gtC*il,iTiaSSL/cv_r e f ©^{S£ i _f b©^P* 

Zx={(v_ref_ave2-v_ref_avel)/7~3)/(i_fb_ave2-i_fb_avel), 0 djf _L=( fl dif 1+ 6 di f2)/2 

Zx_r=Zx-cos0diI_L, Zx_i=Zx-sin 6 difj. 
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[0017] fcStfUU C*ie>*>6. ^^©Zl^ffiin * 
*R2 = Zx_r-Rl, mtl-{>#i>Z >*£L=Z 
x_ i / ( 2 • * • fh) t C-C3j?#>S„ 

[0018] Jtt^S#$iJ$i§©^ 

^iU ^EfiMe v£^i*l&^3*i)tffii;©B5£fii<!: 
U fSff*i^©A# 3 v ref*, S8tl&©Sffi)l8©5£ 
tea$EJ3am©5#© 1 «T©*S£ja«« f 1 *J JcO- 
SEEWJIiHI^ v a m p <t l/Tv_r ef = vamp-s 
in(2-7t-fl-t) T^-A, vampB, dfrtS 10 
jftt&fflffi i d_f b tqttliilEfttlffl i q_f b*6* 

[0019] 
[*24] 

i_fb=y Ud.fb 2 +iq_fb J ) 

[0020] ft^ibitmic&mzixtcm i ©m^iasa* 

1x2= l(v_ref_ave-l-v_rof nvp3)/V~3) /(i_fb_ave'1- 
Zx_r2=Zx'o.os 8 dif m 



J; 5 «C i _ f b *Etai/3tt**6> v a m p 
i_f b*J8Wa»l©*i«H3£ffl«:«cofctji s ffi 
*©# 1 ®tt£B$H&fijioft:&tc. •SEii^©^:^ 3 
v_r e f <D$&%im(D¥-M\iZ: v_r e f _a v e 3. 

mss^mffl i _ f b s©ie»ffl©¥*iffl* i _ f 

b_ave3. v_ r e f ZMmt Lie i _ f b 

©{4tl£0d i f3iU #4t, fftgS3nfcS2d) 

f ©^lffl©ip-t>)filv_r e f _a v e 4. 

i_f b©^:#$©«S*fffl©^fil<& i_f b_a v e 
4. v_r e f immtLtci _f b<DHm^e d i f 
4<iU 

[0 0 2 1 ] 

[tfc2 5] 

i J b_ave3) , 6 dif_m=( 6 di f3+ e di f4)/2 



[002 2] *ttntu cne*>6. mmm<DiBs.j ^ 

[002 3] 
[i2 6] 

R2 



20 



Zx r2-Rl 



2-7rf1 \7?l + /?2-Zx_r2 
[0 02 4] <fc L/XiUlfoZ)* 

[0025] J/c. *^EBJ«. tc J: 0=ffl3^ 

imm$m$mxh~?x, j a^©ffig©-ta 30 

K)mtc^-r-^S£©^}g^fii<!:igmjj£^WSK:<i: «3 

tCffi^JEJ§^filv_r e f *ffl&?£Jt0M#«HaP8 
<t. miE^filv_r e f iSEEfcft&tie v£»tH 

mf£ti\t){me vSJ^«)S^3n/i:ffi^©{4ffliL, S 40 
PS©y-f>*0 <b-r-2>Cct«:J:«5. St#fii*— ^k: 



S-5Ci -C«EJB^ffl*Hffil/fct«»t?««J8^tf*j «fc 
[0 02 6]*fc. HE&ffle vZ¥&>S>fe2tltctZM 

commit u hii^©a# 3 v r e f ^ie^-ca 



fc&©r*^>„ 

[0027]fOt, *^W«*«COU-Ctt. Sttttl 
J&fr) £<>c#i§iU dttsS»©«SS£fg^<bd«i^©S 

s d i ms^wm^mm^-m l . c ©it 

J; 5 fcWfflrr 4 q f A^ifeit0ija^ftiJ®S^* c ©it 

«»#iwffl«© a* * q mmm^rn <t u d wrcs jg 

^b«fctfatt«EJB^»*»i&«EBB^©:**S v_r 

e f £ annate v*8i*u *E*g«©**i* £*ee 
tM*©tftffi*»Ke«*=fflX»fc£ttoruaT4* 

mwms.<rc*5^x. jis©W5t«]s«:*jt»r. m^ja^ 

ftfphi. diIEt^vd_ref, q f liHUBi^ 
vq_ref. dH««E(MIHBi d_f b, aNWtt 
Uifiii q_f b*I>JS0. *6rt»C«&SS£3*lTt»** 
iW©SIlEv_base. SfiiS^f_bas 

SSi^©tB2-f > y * f >XMfc J:cmKMf«tt I 0 © 

4. 
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[0 02 8] ttc, #§mt,Z, $t<CJ:K)=m£. 

mhmmmm-ciibix. mtimE.m^m^_r eft 

H5£ffi<fc U SBE*HHIv_r efi bT§T^«— 5£<B 10 
C©HR:R*«»««:«n4— gflliMfctilfl i 

O^^tlfc- ycffitafflR 1 . — ^ffiiafilR 2 £IBU 

[0 02 9 ] 
[£fc2 7] 



////= 1 + •/! 



R2 



[0 03 0 ] &c<fco#tSU 

[0 03 1 ] 
W8] 



tm 

[oo32] <D3L%±.ifi<o wffit>>bmm&. 

[0 03 3] 

h 



[0 03 4] 
[003 5 ] 
[&2 8] 

M = 



m R2 



RI + R2 m 

[0 03 6] J;0^to, jfiJSKjCC. C©fBS-/ 
[0 03 7 ] 

Wio] 



20 



30 



40 



[0 03 8] fc<fctfJ3iJ<D#&K:<J: 0#^6nfc-^i6Sx 
ffiRl. ii*W>y**>*U ~^l6infiiR2^6C>* 
(C«86t8<D5£«<t br#A6>tiS3£tSSBEV rate. 
50&Si6»f r a t e igqlEtBS-f £>XM£ffl 

[0 03 9]*5I,>B, ^Efg^v_re f Sr^AfcJt 

[0 04 0 ] 

win so 
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[0041] <t i/fcjg^tc, m§z-x.mffim i 1 *j«fctf 

R2&m^T, tB5^>#*£>*MK:ijiE*i-5SifiEi m 

[0 04 2] 
[829] 

[0 04 3] (C£D*EElfl*ffifor«:!iB£TSJ:5tCO 

/c&©r #>•*>„ 

[0044] 

[0045111 «*%91(c:btt&8V*IM^IMffl£ 
g©— jyS08g©tgj£*7Kr:/ci ?*ig-C*-S. tfctfUgi 

#<w»» iouq urnmm^ iq.refiq hahm* 

mm i Q _ f b ®0g*qt i ft 3 «fc 5 teWfllT £ <£>©-? 

* o . ttmmm o»s 1 o ©a;wt q nit g&wE$^ v 

q_r e f _c *JDnff L/ q MCBEffi^ v q _ r e f £fg 
fiSttS. RMSMc. Jtttfll&MfaiS 1 lBdMilk^i 
d_r e f £di&1IffitfcWffii d_f b<D41i£tf*&tt 
*>&5K.mm~?Z>i><DX-&'<). WRMMBMl l©tU 
#tCd*Mi««EE!S4*vd_r e f _ c *fln*l, dtt« 
IBi^vd_r e f ^rfPfiSf-So tt««*H8©ltWy -f 
>«K i . «#^>« ( 1/T) -c^t-c ma 
fi^j»»Sl 2«v q_r e f *$<fctfvd_r e f #>6 
*EJ&£©;*# 3 v _ r e f *$ J: O'HIE&tB 6> v 
U 2 t>lCG v&Cfi&£©(itB0 fphi ^flnJfLLTSffi 
38ffl£«-C©WEtitfB*if-gT£. */c. HJBEJg^©;*: 
I3v_r ef(CBlE^t7-fe5» H»v_r e f _ 
of sMt5. CCt, iq_reffcMid_ 

reffcwfphin m&vmmmb&vmmm 

£. S^8>S2«mi!ev_r e f + v_r e f _o f 
sfejc^e r e f K8^<=fflft»*EE*R3»Wtt«3 
«C^-re/c26©m^^St?*-5,. 3NPUm3tcift 

ns^iiS«m^ias4*5j:o-5-c«iai3ii, rnnmnk 

S6(CA^)Sn, d-qlSK:^niq_f bfci 
O'i d_f biiiS. iq_fbfc<tO'id_fbBl 
tiHmm$7 <,C£-o-CZ<D<&l&^i? bJUDXZZ i_f b 
Kg&SnS. ¥${B -tirigSaiffSStt. v_r e f 

+ v_r e f_o f s i _f bfrt>mnmmm3 
mmm&m 8 -cast s ti*.m^imicmmmsm 3 ©s 

[ 0 0 4 6 ] M 2 tc¥i&ffi • {4tBM?HmS 8 ©ft»Kft 
^fiS*^o v_r e f*ij:0'i_f b*6S2tc^-r 
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T, *ftitm*v-'*X7 4Ji>* (LPF) «:<J:ot^ 
[0 047 1 13 tC*^6S^fig"C^««ttS|(D»«ia« 

[0 048] 

[51-12] 10 
Vjreflji 

[0 04 9] iftotM. I 1 W«tt«<D— ^C«iJt"r 
[005 0] «^3S 1 (Oj|Ji»lBCCOlirBi9l"r4. 

[0051] §f2gn»>ji3 icm.ffi>*m\\ u tcm&tm a 
r % 

[0 05 2 ] 
[5*1 3] 

Rl={VjreflJi)iI\ 

[0053] x&z £ 0 «mfisi<h orHse-rsit^K: 

ttR L . t = 2 • R lftMBfflataiLrKOa^. — 

KIKSS n/c» 1 (Omm^mt Uiq_ref^J; 
CM d_r e f «sejg^#^e>tiSiJt« 30 

«#*u$js io.li oy-f>Ki£ct«E}S*ws4 

4, 56cJ:or^tb$n, MBQfeteJ:V«isfeimi3ti 

i-fbi LrmtteHran i can* & mm 
<d\l%±& *) Ki&mtetimitttmmftfflwm 10,11 

^tl^OT, mjiJg^tJ— ^IiC§/c^1"6o CCD 
«J»"C— ^^H^p%, C<DR8fc:«jBS^v_r e f **<fc 

_r ef l*5<fcCM_f b <Mc % Jtfflfl&M 

aisio. i \<Dttmy^^jt<om^cmv. nm%& 

ffliq^re f *j<fctM d_r e f *»2<D«»H5£ffi 

iftJ§^ffl<D^Ptt**tl-env_r e f 2. i_fb2£ 
T&„ C<Dt#<D*BE*&^v_r e f *5j:Cf«i««ffiffl 50 
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i_f b©^ra^t4H5fc7n-T. v.refl, i 
fbl, v___ref2, i _f b 2<DM{S«06 fCSVf 
<£5te&D, C0BJR<Dtt«*»6-- 3ClBKttRl*l3R* 
£ 0 v_r e f JWIIIIiroariiCtWtJ-Si, 

[0 054] 

[K3 0] 

Rl= {(v.reQ.vjcny/3]/(Ltb2-Ln»l) 
[0 05 5 ] 

[0056] m^m2<Dmmmm^mMrh. 

[0 05 7 ] ±KtCK«LftJftftg 1 8B«l©S85te«*«: 
*5i,>T, ib0J«#*flfflJg l <h l loitfliy-OK i * 

**n*ti*Baft«BEfB 4 &ttvq_r ef.cWvd 
_r e f _cCc«A-r^<bI^B#CctbW)«^J^l 0, 
1 lOJtWy-f >K i*yJ:aW»^> ( I/T) *$J: 
c«t0M#$i|ffliS 10,11 cd m^S: 0<t-r*c£«:J: 

[005 8] »*13IB«<C««60»CCOt f irttW'r 

[0059] ±mcmmiytamm 1 i 2 <dhmb&bcc 
*yc^"c««a£(o u*<ji>wt 2 ig-c* Steffi. #j3e»K*± 

41, 2, 3iUci|^C, 1-2IB. 2-3HL 1- 

fcHl»cffi»DBMrR 1 **»r*ti*ti©TO«t 

[0 06 0] »^4©SOWlB0COC»rBilB'r4. 
[0 06 1 ] mEEf§^£ v_ r ef=vamp-sin 
( 2 • 7t • f h • t ) . eref = &MG>mT£m±LX 

te, H3^c^-r^iffi|sIllSW:*JC>Ta)M»R2i3tt4a>r 

di fifSi (R1+R2) ©B8««BI8<DJ: 
5*c&*K @B©^>t-y>x* I Zx I i-TSi, 
(R1+R2) = IZx| • c o s 0 d i f , co 1 = I 
Zx I 'Sin0di f <t&0 % «»cRl^ffll^ 

[0 06 2] I Z x I ±IECC^U/c v_ 

ref WSEtftfflfflOieWfflO^fi i_fb_ 

a v etf?at>R£UT4;L)fcjft 1 <D«i5e»^fflK:ftSS 
"Cvamp^JfJa^titCKp ^Ut, i__fb_av 

CDfiJE»<Z)*aS*fii(D^ffl[v_r e f __a v e <fc«aafttH 
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m<Dnmm<D¥-%}B i __f b_a v ete^vmme a 

i f £^*i^ f ftv_ r e f _a v e 1 , i_fb_av 
el, 9 d i f 1 ilt^^^§??t5o 'X^&Wt 

ref_ave2. i_f b_ave2 4 Q d i f 2 t * 

|Zxl = {(v^rcLave2-v_rcCavcl)//3]/(Lft)^2.i_a)_avel) 



[0 06 3] 

im i ] 



[006 4] <£9*tf>£o £/c, {iflMtetf d i f_L ^ [0 06 6] 
= (0difl+0dif2)/2<b« e 10 [£*32] 

[006 5] CO^tm^Ltc^fb. * 

R2={(v - rcf_avc2.v_rcf_ovel)/y^/(L^^ * cosediLL - Rl, 

L= [{(v_rcL^^^ -sinedif.Ll /(2- * -fh) 



[0 06 7 ] ibt, r.^S5tR2fc<J:^il4a^>^^ 
[0 06 8] CCtvamp(DfiJl9I^ilt^L 

[oo69] m&ms omm^c^xmrn-r z> 0 
[0070] ±im^mA<Dmmm^.^x. 

^v_r e f ttC^y-tey httltv_r e f_o f s 
Z&{stcbOZmK.m^tLtc<b<DV$>2> 0 02 
<fc^tc, R 1 +R2te£aL&&&Ztc&tC&5r : -Z 
v_r e f _a ve, i_fb_av, 0d i fit A 

[0071] ng&i 6 <D&w<Dmmjtmic^x mm? 
[0072] iizm^mAcomimm^cio^x. «bejs 

<£v_r e fdC^y-te y hffli Uv_ref_of s 



Rl + jtu! + 



jcu MR2 
R2 



)■'■ 



j o» M 

*1R2 2 + ou 2 Af 2 /U + cu 2 M 2 R2 



v . re/ / V5\ 



R 1 £ e ifisfc#(7>{f n*WL*) tUT^^f^^ 

j)l>** [LPF 3 ] ^ffll^tttllTC^o v_r 
20 e f_o f s©ffi©fc3£0D{±#tt. CCrit 38SE{I# 

tWm&a*tmisftifiS> v_r e f _o f s £finM 

[0 07 3] C^Or3jc«>/cR14R2C0a«CCffi5Ja 

K R2, L£— o(DXr^ :/<D^r^&5 C <t#T£ 

ztc&mft mm*mmx% z 0 

[0 074] «*3H7 82«<3MaSJglB«:ol^rttl8r 

30 [0 07 5] m^m4<ommmm(tc^x t 1 <Djass& 
[0 07 6] mm®mxttiLX2>t, 

[0 07 7] 
[&33] 



2nr- 



R2 2 + *u 2 M 2 
V_ref/V3 



+j 



oj IR2 2 + o/lM 2 + oj MR2 _ V_refrV3 



R2 J WM 2 



11 



Zr + jZ* 



Zr ■ 



U 



- 7 . V_jef/V3 
cost? m. Zi - — 



sin 6 m, 6 m=tan" 1 ' 



u>\R2 l + «j 3 IM 2 +cjMR2 \ 
^ RIR2 2 + orAf 2 itl + oj 2 M 2 R2 j 



[007 8] 
[007 9] 
[»3 4] 



R2 , pRi 



Zr 



50 [0080] i&lj, M*5f#6n6. CCt, fh£<g 
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jJt&T. -Y>f-^>X?r I Z x2 i . mB&Zd d i 
f_m<!:-r€.i> Zx_r2=IZx2l -cos0d 
i f_mii5:f3, Cft£g{«C5fc»;feR 1 . R2£#>6 
[0 08 1 ] 
[S3 5] 

R2 _ 

r2 



A/ =• 



2-7rfl 



| Zx_r2-Rl~ 



[0 08 2 ] tCj:0 > tiS-fV^^^Mtf***. 10 

[008 3] zttimsisxvBvmfc&mic^xmw 

[0 08 4] lf*^5 t 6 ©3HS^Sg{C^l/fc©iig« 
CC^ff}g^v_r e f iCjrV-bv hiLtv_ref_ 

0 f s%MZ.tci><DX$>2>. Ml<Ort§BI|«)g5i6 
©Jlteff^^l/itfeCDilllD-C*^, Stl#JI7 ©gifts 

h C iK <t 9 l»sWSK:|ii< O 
*WitfZ>Z£-tfiXZZ>. 

[0 08 5] m^w i (XDmtemmicmxmwrz. 20 

[ 0 0 8 6 ] m 1 0 icmmm l 0 KtK<Dft93££jtLft: 

q MttEft^ffi v q _ r e f . d #«EEJg<$ffi v d_ r 
ef. Q*fc*ijfct*(Htt i q_f b. dfiMBifcl&Hili d 
_f b4sJ:cn&AJHWRfll f ph i^DttibT, Sift 
HaWSBWlKAAl/t, ffiE-f>#**>*M*»J: 
cntS6««!fcft I 0 £2»£>&„ 3IttSflSPS 1 4«i£gJ§ 

^tcs-^-c q nmmvk^m i q _ r e f . ammmm 

Mid_re f fc£CFtttftf9iffl&ffi fphi ^iSffT 

smux^z, &M£&s 6 (i+amiscD^tbfii^ d q m 
mm<,t%Lfk-?&mmmmx$> 9 . q#pi waamm 
10, d#p 1 «ttW9s 1 1 ammm^mtntimtti 
m&-&-rz J: 5 tc-r e»oais. «EJN*s§i¥£ 1 2 « 

q$im)Efi^. dttSJEJg^fi&bJrCfSa^&ffie Ph i 
frt>E.m£MmK<onK<D*;% S v_ r e f £^)E&fB 

e v^n-jnr*. esetetaa p h i \mt}®m&. t p h 

e f tecfcO'e vKS^l>THfB&i£1g;fr£f5§z£1Ilb^3 40 

[0 08 7 ] CCtlJ, M®B*A#«. if^«tt^3 

Phi. d!4mffig^vd_r e f . q lAHEJi^ v q 
_ref. dttm^aUB i d_f b. q fifillifLfc&fflfil 

1 q_f b^^iA^, ^tbWi'm.Ztix^&'mhm.om 
ElSv.base, m&mm. f _b a s e*s<fcO*S»J 

^»6ifiR 1 . &h-w>?* * 

r. 

[008 8] 50 



[£&36] 



Vqq = 



vq _ re/ 

~7T~ 



2002-22813 

22 

-R\ iq_fb-2n. fphi L id^fb 



Vdd = ^^L-Rlid _/b + 27rfphiLiq_/b 

Q = Vqqid _Jb-Vqqiq_Jb 
E^pqq 1 +Vdd z 



10 = 



In /phi - Q 
V baselji 



2n ■ f_base(M + L) 

[0 0 8 9 ] *fttrrsciKJ:»>. WShmcDfflK-(> 

&9$^xM*5£Vimsmw&i 0 

[0 09 0] CCrB. fill3lSr7B#<tl<-C(,>£#, )I« 

[0091] *¥m<D^mumn<nm&itmtc*s\.*x. 

^SH<Dm^W.BtiiLXmWUX(.^(DX. pgowm 
[ 0 0 9 2 ] m 1 1 »4%9KDn^ 1 1 ~ 1 3IEt£© 

1 itnmm% i _r e f ^m^-r^o stmmBm3icm 
nssifiB, utaccg!wenfcmsK«iffig4-c«im3 
n/cmife i u t vmcmv e,n/cmzs*iag 5 x&m s 

tifci vi UTSO HtB— tB^J£i§6 &CJ: ,t 
( 1 ) Steit; (2 ) S8©a»*tft»zita3tiJWt« i 

[009 3] 
tt&3 7 ] 

/>v = -{hi + hv) 



(1) 



2 
2 

2 



1 
2 

2 



111 



IV 



1W 



(2) 



[0094] nffi&&m?2>m*um± vm<D&.&&t> 

[009 5 ] m?SSI©ll7 tt— tB3SSE*ffi i a, i 

zai©in<D¥*«*w-»u. msg^tBffl i _ f b *3Rtf> 

fit i _f b_a ve^rttm-T^o C CT?tt^ffi(Dtf* 

i__f boiimmzt*). f©*siio-A^7 ^ 

3«SS£}g^&i__r e f <b«ift«ia^ffl i _f b_a 
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mMtmKm^ v_refitti. mtsm&m 2 r« . 
we}khb v_ r e f «BM«j££ org* u fmm 

&ffi<Dtut)®.ft[zmw. l . squaws 3 t,c=m zmmfj 

[0096] at^ii 1 1 (DmmBmicmxm.wrz. 
[0097] mm^M®<D-tmtc<<)<DT- 1 §s.mm® 
ss^s 1 2 K^-r „ RiK-M, utmti-<>itf 
*>x, Mittaa-f >^^^>^. R2ttr^R s 

m.ffi*iMLtcm£tic&. XWS.-i^V'? 10 
2>XM©^>fc'--2*>;*:»tt^£fr£©-e. ^ffiESS 
Itm 1 3©<£-5{tfc£. 

[0 09 8]«TTtt, UtB©Si«S#Sfc- *£&££# 
©GrtB£0° <hO-CgiBJT€>„ 

[0099] *jiis^s-c«, HEE&tae wmuz 0 
• £-r£„ 

[ 0 1 0 0 ] sr. mm.msm i_r eft uxmmm 
$hmmmffi(D 2 0 %<Dm*** z. *> t . *«e p i fM®ig§ 

1 3<D®%tc£<0M 1 4 4CiS-rJ:'5KmE£}g^v_r e 
f*mi/. liS«ajffii_f b_ave*i_ref 20 
IK— SC0fc<tC^-C, v_r e f ^(Cft-S. CC 

P.3 A ©*§££<«£ UX^Z. C <D&Jg.K. ft h * "C©B#P^ « 

filfflj^l4ccK^-r.s/c«!)3i^« 2 wmx w:+#r& & 

i-fhtift^z^ftm^ict,^ e©B$p [ g£g<-<rs <> 2# 
nieioA:^ m^p iswisi 3©y-f >k i *§£ 

U S»SK:®S-o/c<il^v_r e f iUrffi^-r^C 
£(C<fcf3^Jg^fiiv_r e f 3 6(C-f 

Bfffl (CCtB imStbtc) f$r>fc1& v_ref© 30 
¥±^ffllv_r ef_a veis<tO' i _f b_a v e€rff 
v_ref 1, i_f b lit*, v_r e f 
_aveWv_ref ©M£¥*5jffi • &fBM8t$li28 {C 
A^bttlTr*. Jfcfc. WfflkG i_refi UtSi 

ns>t&£tetiifc©4 o mm^cnm^n^. n 

EEJg^fit v_ r e f _a v e *$ JrO-'mfiSEftltBffi i _ f b 
_a v e £ii<frjA<&, v_ref2, i_fb2£t~ 

[0101] 40 
[ifr3 8 ] 

Rl= {(v_ref2-v_rcfl)/y 3}/(i_lb2-i_fbl) 
[0102] VZ -ei/t2XRl^« 

tKmR L - L f?2>. mmmitccximmmmm&m 

[0103] Him 1 2f2ig©;fr£«3 ■£jy±©8'J5££ 
tf-^itW^-r. m«2 0%. 4 0%, 6 0%O3S» 

<vmtf&mx'u-z>tcm-&ia.. 2o%-4o%, 4o%-6 
0%. 2 o%-6o%<Dp H Tc-g-n-en<«# ; &itSb. -e- so 
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[0104] ntgos i 3sa*so*ffi«:o»,»rjiiws-s. 
hi sK^-r^ic. jtowseofcf*-**— ^stcifi 

<HOTiIgt. *©v_r e f ©fitSrS 

BE^-^-fe ^ HBv_r e f 0 £ LTlBJ^r Cfti*, 

ta^-r •&«>©-?£>&„ 3«a«±©««Efa«:ot»t:ai3£ 

LX^>i> m&c «. ft ;§;© 2 *©ili^ififH* -5, t, > tt¥*3 

[0105] gssjas i 4©3SiS^®tcot>-cifti8-rs. 
a i 6 is 1 7 ttiraa i 4*iJ:o'iS^Ji i 5fatg©^ 

[ o i o 6 ] m 1 5 &tmm&mn& 1 *>e> 
a*®Ef§^v_r e f ttuxmizmae 

mz&m-rz. mmmsbmsimtizmfami*. ut@ 
cc^we,n) f cm^ffiS4r^m3tifcmjSi u£vtB 

ffittBBftaOKAo'C ( 1 ) Sfeic; (2) sc© 

s»sm». — ffisaftwti «. i (3tc^ti. *» 
- *B& £ (,>«3ffl-r ^x Ztfttii L x i> J: c^o 

[0107] «^vn#n7 icis^x-m^.mmm i «. 
i (3©- m<om<ow-ifm^nmL. mmnm& i _f b 

?r^8!)S. mEEJi^- v_ r e f . HiStlifflfil i _ f b *J 

<ti>-s«i«^iii»Si{£:J;-5r^x.6n€.v_r e f 

&8lcAt)2tl. v_ref©WIv_ref_av 
e, i_f b©Wfil i_f b_a v efccfcCK^tSMe 

wmsmom&zft'?. mi 1 £©ta^*». mmm^ 

^7Li><OXVS.tl< » mtEm& v _ r e f *#2.-CVS 
HE)§%v_r e f £ LXttZmtimtfLfrDQ. 

&9h ZW-tym ■ {4flM?Sti?lH]S§ 8 tC A^J IT^^.-C 
II 7(iWi • fittBMSi»S6©«lfi£«r7n-r^ 

a v ?mx$>2>. mi i<ozfu v pmoDmmicj:*) v_ 

ref, i_r ef©¥^Ii_f b_aveteiy : fi[ 

mmed i f £?njrr&„ 

[ 0 1 0 8 ] m 1 2 K^bfcSI^SSMgW^ffiHSgfcJ:. 

s < % z> t m 5 ■{ > ^ ^ 2 > ^ M K <t S -f > f 
-2>*(flM«SR2{t£t^r*#<&-5fc6{>. S18«C 
^•ri^tCRl. L. R2©iS?iJl]SS-Cia{tt-C#.5 0 L 
fcAiot, mE£. ^©AtS^Bi^M^OtitB^ 
6. &1AftRl +R2 t>)Ti>5>Xtta>L&m£2>. 

[0 109]$«SBI-Ctt, 6lv*0' £0, 01© 
®&l$l.f h 1 = 1 5 Hz. 02©^jg^[f h2 = 30H 
z . 1 4 {Cffi«l©SgaS3tffi«S^S««jfSS^« 

i©8 0%iOtl,^. *-T. mEE^ifI©Alr$Vam 
p = 0 £ br, ^BE^©A^ 3vref^v_ref 
= vamp-sin(2-7C l5-t), [t «B$ 



(14) 
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Ml r^^tlgt^e Hi^mWffi i„fb 
m^mom^miMcD 8 o %ctft & j: 5 k i _ f b 

i f b #R«Wft«©5£tt«8fc© 8 0 %(C & o 

««<DB93E«ra (cct?»3»iufc) sau^acc. 

«EJg*«>^:# 5 v__ r e f 0t6tffit<Z>¥£Mie v_ r 
e f_a ve 1 fccfcC^WfelftHlfii i _ f b 
2*{fi(D¥#rti§£ i_f b_a v e l*5«tCfv_r e f £ 
WmtLtc i_f b<Dm$Ze dif liU *XK % m 



26 



*tr\ C©i*(D«EJg^<D^#3 v_r e f ©tt^fflO 
¥^v_ref_ave2, «»tftttiffi i f b © 
30»aHOT^fiS i _ f b_a v e 2 , v__r 
e f £«*g<!:0/t i_f b©{ifB£0d i f 2i^o 

[0110] 
[£*3 9] 



•M^aOHzi^ 1 5 H z 4H«©SH5*fT * 

Zxl=(v_ref_av6l//y) /(i_fb_avel) , Zx2*-(v_ref_ave2//T)/(i fb_ave2) 



Zxrl=Zxl-cos8dif_L, 
Zxil=Zxl-sin 9 dif_L, 

[0111] C<04*S6WflEjJZx r L Zxr 2#jg 
1a#R 1+R2?:, dUHiK^Z xil, Z x i 2 30* y 7 

& 0 fhl (15Hz)Oi*(DZxrlfcJ:0 f fh2 
(3 0Hz) (D<h^©Zxr2^^77^I'ri@2 1 

*ft£©R«C<fc£fc©<h#A6ti£. R2 = Zxr- 

£©r, S2i(c^^, «cett*ffl*ia{KLT. 

Mttftf h = f h 1 - f h 2/(f h 1 + f h2)= 1 5 
• 3 0/(1 5 + 30)=l 0Hz(D££(D{ii£Z x r i 

J^(COt»r»jattB^«€c»tZJtM^^or k fh2 
(3 OH z ) (D<t^<D<il£ffll>T, Zxi=Zxi2, 
fh_l = fh2tbt 4 i§*W>^£>*£L= Z 
xi/(2 • 7C • fh_l) ±0***. CCf, f h 
2 *JB^fc©ttH«»aW<,>« 5 ^*BEffl^A* < ft £ 

[0112] M$ig 1 5 03SWJB<coi>riIHI! 

C»tZxl*J:tfZx2 **SCCC J: «3 ffflfT 
[0113] 
«4 0] 

Zxl=(v_rcf_a\H5i/VT— vjrefD)/(i_fb_a\-el) . 
Zx2= (v_ref_ave2//~3 - v jref 0) / (i__f b_ave2) 

[0114] «»©w-»iwas<braar**. 
[oii5] m^m 1 4CDHM»wc«sc»r 1 tuia<bi5j 

2<Dmwt i __ f b 2 *»i/fct»t?ra«©a«e*ff 9. 



Zxr2=Zx2-cos 0 dif__2, 
Zxi2=Zx2-sin Gdifj2 

CCtttWibt i„f b 2£^~*^t&mfifo£>4 0% 
(Bu IBO 2^©l)ib 4 1 5 H z CCt* 4 «EJg<£ffi© 
20 je*ftt©^iB*v_r e f _a ve 3, ISHftUfi© 
tfi&tt<D¥J$tt& i _f b_a v e 3 4b, 3 0 H z tc 
W*lEBB^<WWt v_r e f _a v e 4, « 
«&mffi©|^ffi©¥«Jffi* i_fb_ave44T 
So 02 2(a)(b)(C§1-j;^«: i 15Hz, 30Hz 

^*c^r*n*n2o©«^riBjBaattL. saMfcv 

m<Ot%<Dm%:. 15Hz(C*j^41ff*7-fe9 hv_ 
ofsl5, 3 0Hz{cte^5«E*7-fe9hv_of 

3fSK<oaBE=*-7i2^ hffiv_r e f 0©tt*>9CC 1 5 
30 Hz, 3 OHztCteWZMES^micftLxm^ZCt 

6, 1 5Hz, -30Hz*h?hW>e-y>X4* 

fertile ^>fc--y>^(DJ!SP, 

[0116] ft*$ % ±iz{cm^tcmm-e\mm<Dtciibm 

9J*»IB0fc#, JJB 15 Hz, 3 0 H z 

no. mmm 1 3 (Dmmmmv^tcm^m^ 

ItmXm-C&Ztctb, v_r e f 0>S:?^fift»b/cffl 
[ 0 1 1 7 ] H 2 3 W*«I8<Z>M«3S 16, 17 ffiigcD 

50 2 «tt«s^r«gts 1 *^^ie,n/ciffl^v_ 



(15) 
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refi umata e v * =*a&iiMi#^saft o . mmm * <t . 
M&3ic=m£.mt&tizmm?i,. mm^mm3icmn [0122] 
•s^isffii*. utgccisw h ntc^mkm^ 4 -ctsmsft [t&4 1 ] 

tc i vi U-OROiZ^. ^a}^6tCJ:o-C ( 1 ) 5$ 
*J ( 2 ) ^©iSgHt^f l>— fflStfSSifc i a . i /3 (C 
^t5. (2) ^CCfc^r (2/3) &mCX^2><D 

ia, i /3 ttmtt£$HR*8 1 KA* 3 
ft. — ^Sfigf^afiii 1 £~*B£sisSirfD i a, i £©— 

[0 1 1 8] 18231*. -f^t-* (CfcSmffirtilgSii^ 

ft*auff*lffli. «%WW8EO^a9^«SttW£»Sfi||[ 
81 teg ©T\ :$ft9i<D£tfc«:<.&s«cflR&« 

[0119] SlT. «3^1 6©H«i0J!S©/graK:ot,i 

[0120H24 icmmmmm'D&ittm er«*> s 

= 1 ) (cfcW^— tB^/cDWT- 1 M^ffllHSS^^o 
Rl»— Lttitn R2«^:* 

SEE. i 1 Itftimo— J&afo. i 2 «*«&«©";&« 

fl£) r*&„ 

[0121] *BS^>#:>£>XM&ciftft£msfE©^{b 30 
KJ:9£i;£it§1I;*j£e.£L<T. 02 4©#1iI518gfc: 
fccvc*;!/ 2> ^©fifefliJ«:a-^c»-c*!iS;*/t-cs * 

BSgiJt = OKteOT. im0 = 0 
ilt, i miC-0^xm< <t. 

[0132] 

[«4 5] 



v = ill.#l + /.^ + «. (3) 

C - =M ^ 1 = /?2/2 (4) 
il = im + i2 



(5) 



[0123] tUZ> a 

[0 12 4] «*U>^*#>XL«:tBE 

*MteJt^£ir>oDT\ ffim<Dtc&mtiJ 

L (3) SCtt, 
[0125] 
[«42] 

v = y?i./i + e<ii (6) 

[0126] <Ltt£. 
[0 127] g/c, (4) <h (5) 
[0128] 
[»4 3] 

[0 12 9] (4) at (7) (6) sSKttALT 

[0130] 
[&4 4] 

[0131] *7J»l*f*£ 



(8) 



/»» = -— (1-e ' 
Rl 

A/(7?l+7?2) 



) 



T = 



m R2 



(10) 



(11) 



40 



[0133] tUZ. 
[0134] CCT, 
[0135] iot. 
[0136] 
[$U6 ] 



(9) 

S£i m*»6B#SifeT€:*a?). (12) ^fC^A-T -S&ffl 
[0138] M^QSl 7©3a6JB«OISCl«:o(,»T:BiW 
[0 13 9] fl3S>f>#^^XMKSiEftS1iai£ im 

cruras ^ ^^xMfcsgn^msa i m*mm 

[0140] (4) 5££ (6) 5^6 

[0141] 

[»4 7] 

v-Rli\ 



M = 



R\ R2 
R\ + R2 



i2 = 



(12) 



R2 



(13) 



[0 1 3 7 ] iftt). fflE^>^£>XMK:ijSi;ft£S 50 



[0142] 
[0143] 
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